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PREFACE 


This  interim  report  covers  the  period  from  15  September  1978  through 
15  September  1979  under  contract  number  F3361 5-78-C-5096  for  the  Air 
Force  Materials  Laboratory,  Air  Force  Systems  Command,  Aeronautical 
Systems  Division,  Wright-Patterson  AFB,  Ohio.  The  contract,  entitled 
Waterborne  Polymeric  Films,  was  initiated  under  Project  number  2422, 
Task  Number  242202,  to  develop  waterborne  polymers  which,  under  ambient 
conditions,  will  form  high  performance  films  suitable  for  formulation 
into  aircraft  primers  and  topcoats. 


The  project  engineers  designated  were  Mr.  Daniel  E.  Prince  from 
September  1978  to  July  2,  1979,  and  Mr.  Michael  Halliwell  from  July  2, 
1979  through  September  1979.  This  interim  report,  which  concludes 
Phases  I  and  II  of  the  contract,  was  released  by  the  author  on  October 
15,  1979. 


Appreciation  is  expressed  to  Dr.  L.W.  Hill,  North  Dakota  State 
University,  for  providing  consultation.  Appreciation  is  also  extended 
to  the  numerous  resin  suppliers  for  cooperation  in  providing  samples 
for  evaluation. 
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SUMMARY 


Air  Force  Materials  Laboratory  Contract  F3361 5-78-C-5096  was 
awarded  for  the  development  of  a  high-performance  water-based  polymer 
system.  The  end  use  of  this  desired  system  is  as  a  pigment  binding 
vehicle  functioning  in  a  primer  and/or  topcoat  for  military  aircraft. 

The  proposed  approach  identified  three  phases  of  effort.  This  report 
describes  the  activities  for  the  initial  year  which  constitutes  the 
first  two  phases  of  effort. 

Numerous  samples  of  water-based  polymers  were  received  from 
commercial  manufacturers.  The  resins  were  classifed  according  to  polymeric 
structure  and  evaluated  for  clear-film  performance  against  the  established 
criteria.  From  this  performance  a  screening  and  ranking  of  the  various 
polymer  types  was  made  possible.  A  few  resins  were  identified  as  dis¬ 
playing  near  acceptable  clear-film  performance.  The  resins  were  NeoRez 
R960  and  Hypol  WB  4000  aqueous  polyurethane  dispersions,  Carboset  514 
and  Amsco  Res  200  aqueous  acrylic  solution  polymers,  and  Aquamac  1100 
water- reducible  alkyd  resin. 

The  selected  resins  were  then  subjected  to  pigmentation  studies. 
According  to  the  contract  guidelines,  the  study  was  intended  to  examine 
the  effect  of  strontium  chromate  and  titanium  dioxide  on  clear-film 
performance. 

Primer  formulations  of  the  various  resins  with  strontium  chromate 
reveal  that  NeoRez  R960  aqueous  polyurethane  dispersion  is  least  affected 
by  pigmentation.  Fluid  resistance,  except  for  Skydrol  500B,  is  acceptable 
and  flexibility  is  good.  Aqueous  acrylic  solution  polymer  Amsco  Res  200 
displays  good  fluid  resistance  except  for  water  but  flexibility  is  poor. 

ix 


Water  reducible  alkyd  Aquamac  1100  is  attacked  by  water  and  Skydrol  and 
flexibility  is  poor. 

Topcoat  formulations  of  the  same  resins  with  titanium  dioxide 
gave  similar  results.  The  aqueous  urethane  was  least  affected  displaying 
good  fluid  resistance  and  flexibility.  Water  resistance  of  aqueous  acrylic 
Amsco  Res  200  was  dramatically  improved  over  that  of  the  primer  while 
maintaininci  resistance  to  the  other  fluids.  Flexibility  was  still  poor. 


1 .0  Introduction 

Interest  in  waterborne  coatings  for  industrial  use  increased 

significantly  following  the  enactment  of  Rule  66  by  Los  Angeles  County. 

Prior  to  that  time,  waterborne  coatings  were  accepted  for  industrial 

scale  use  primarily  in  automotive  finishes J  As  originally  intended. 

Rule  66  controlled  the  type  and  amount  of  volatile  and  photochemically 

reactive  solvents  that  were  permitted  as  part  of  a  paint  formulation. 

Subsequent  modification  resulted  in  the  stipulation  that  any  newly 

developed  waterborne  coatings  contain  no  more  than  20  percent  volatile 

2 

organic  materials  on  a  volume  basis.  Many  other  states  now  have 
similar  regulations  controlling  the  emission  of  organic  materials 
from  coatings.3 

Since  the  painting  of  Air  Force  aircraft  is  regulated  by  the  same 
governmental  restrictions  applied  to  commercial  industry.  Air  Logistics 
Centers  (ALCs)  responsible  for  refinishing  aircraft  have  come  under 
increased  pressure  from  the  Environmental  Protection  Agency  (EPA) 
and  the  Occupational  Safety  and  Health  Administration  (OSHA)  to  reduce 
emissions.  In  response,  the  Air  Force  has  taken  a  three-phased  approach 
to  solvent  reduction.  The  award  of  Contract  F33615-78-C-5096  entitled 
"Waterborne  Polymeric  Films"  constitutes  one  approach  to  this  program. 

The  ultimate  goal  of  Contract  F3361 5-78-C-5096  is  the  development 
of  a  high  performance  water-based  polymeric  vehicle  intended  to  replace 
the  solvent-borne  primer  (MIL-P-23377C)  and  topcoat  (MIL-C-83286B)  for 
military  aircraft.  Since  assembled  aircraft  cannot  be  oven  baked,  the 
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coating  must  develop  its  performance  characteristics  under  ambient 
conditions.  In  summary,  the  coating  properties  must  include  an  aqueous 
medium,  ambient  cure,  resistance  to  a  variety  of  fluids  including  water, 
flexibility  over  a  broad  temperature  range,  high  gloss,  excellent 
adhesion  and  durability. 

1.1  Aqeuous  Colloidal  Dispersions 

Numerous  methods  exists  which  afford  the  synthesis  of  water- 
compatible  polymers.  All  techniques  have  the  common  feature  of  intro¬ 
ducing  ionic  or  otherwise  water-miscible  functional  groups  to  the 
polymer  backbone.  Upon  mixing  the  functionalized  polymer  with  water, 
an  aqueous  colloidal  dispersion  of  particulate  organic  matter  results. 

Distinctions  among  solutions,  colloidal  dispersions  and  suspensions 
are  classically  given  in  terms  of  physical  characteristics  such  as 

sedimentation  rate,  filterability,  clarity,  etc.  Similar  characteristics 

4 

can  be  used  to  distinguish  colloidal  dispersion  type  as  follows: 

Colloidal  Dispersion  Type 


Solution 

Dispersion 

Latex 

Appearance 

Clear 

translucent 

opaque 

Particle  size  (p) 

0.001-0.01 

0.01-0.1 

0. 1-1.0 

Molecular  weight 

5,000-20,000 

20,000-50,000 

>500,000 

There  are  a  few  discrepancies  with  the  above  classification.  A 
mixture  characterized  as  a  colloidal  dispersion  obviously  cannot  have 


-2- 


a  subclass  entitled  "solution"  as  this  is  a  contradiction-  Also  a  class 


entitled  "emulsions"  should  be  included  in  this  comparison.  Emulsions 
are  colloidal  dispersions  of  low  molecular  weight  materials  in  the  same 
particle  size  range  of  a  latex  (O.ly  to  l.Oy). 

As  stated  previously,  these  colloidal  dispersions  are  created  by 
the  introduction  of  ionic  groups  to  the  polymer  backbone.  This  is 
generally  accomplished  by  reaction  of  a  suitable  reagent  with  a 
chemical  functional  group  pendant  to  the  backbone.  Most  common 
waterborne  polymers  have  one  of  two  pendant  functional  groups  which 
are  easily  converted  to  ionic  species. 

The  carboxylic  acid  functional  group  is  converted  to  the  carboxylate 
anion  by  reaction  with  alkali.  Thus  polymers  containing  carboxylic  acid 
functionality  are  made  into  aqueous  colloidal  dispersions  by  react’  1 
with  base  (b)  according  to  equation  1. 

YYYYTL'  " 

COOH  |  COOH  COOH 
COOH 

As  depicted,  the  ionic  groups  are  associated  with  the  surface  of  the 
particle  since  these  groups  are  more  likely  to  orient  themselves  with 
the  polar  aqueous  medium.  This  surface  orientation  acts  to  stabilize 
the  particle  against  agglomeration  through  electrostatic  repulsion  of 
like  charges.  And  since  this  stabilization  is  attributed  to  the 
negatively  charged  carboxylate  anion,  the  dispersion  is  termed  an 
"anionic  dispersion." 
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The  other  functional  group  which  is  easily  converted  to  an  ionic 
species  is  the  amino  functionality.  Polymers  containing  this  functionality 
are  made  water-dispersible  by  reaction  with  acid  (HA)  according  to 


The  resultant  particles  are  stabilized  by  positive  charges  attributed  to 
the  ammonium  cation.  Amino  functional  polymers  thus  give  rise  to 
"cationic"  aqueous  colloidal  dispersions. 

1.2  Mechanisms  of  Ambient  Cross-linking 

In  addition  to  dispersion  in  an  aqueous  medium,  the  polymer  must 
be  able  to  develop  its  film  performance  under  ambient  conditions.  Since 
linear  polymers  are  not  expected  to  produce  films  characterized  as  high 
performance,  the  need  for  ambient  cross-linking  arises.  Fortunately, 
this  ambient  cure  requirement  is  usually  accommodated  in  the  dispersion 
technique.  The  reagents  used  to  convert  the  backbone  functional  groups 
into  ionic  species  are  generally  volatile  reagents.  In  the  case  of 
anionic  dispersions,  the  base  is  generally  ammonia  or  low  molecular 


weight  amines.  In  the  case  of  cationic  dispersions  volatile  acids 
such  as  formic  or  acetic  are  generally  employed. 

In  the  process  of  film  formation,  the  reagent  evaporates  along 
with  other  volatile  components  of  the  dispersion  leaving  a  polymer  film 
with  "free"  functionality.  The  liberated  functional  group  is  now 
available  for  cross-linking  chemistry  provided  that  the  reactions 
employed  have  the  kinetics  to  proceed  at  ambient  conditions. 


1.2.1 


Carboxylic  Acid-Aziridine  Ambient 


Of  the  many  reactions  known  for  the  carboxylic  acid  functional 
group  very  few  are  made  to  occur  at  or  near  room  temperature.  One 
such  reaction  is  the  electrophilic  ring  opening  of  the  aziridine  group. 
Using  ethylene  imine  (2j  as  an  example,  equation  3  shows  the  preparation 
of  beta-ami  noesters  0)  as  the  product  of  the  carboxylic  acid-aziridine 

reaction.^  H 

I 

/  N\  u+ 

R-COOH  +  CH2-CH2  - - - }  RC02CH2CH2NH2  (Eq 


(Eq.  3) 


When  applied  to  the  crosslinking  of  carboxy-functional  polymers 
(4J ,  this  reaction  requires  the  use  of  polyfunctional  aziridines  (5)  as 
in  equation  4. 


4  O 


C02CH2CH2NH 


NHCH2CH202C-^ 


+ 


>  (Eq.  4) 

1 

NHCH0CH-00C-O 


In  addition  to  enhanced  performance  normally  associated  with 
cross-linked  polymers,  use  of  polyfunctional  aziridines  offers  the 
additional  advantage  of  converting  the  original  site  used  for  water 
dispersibility  (the  carboxylic  acid)  to  a  water  insensitive  site  (an 
ester).  Thus  water  resistance  is  Introduced  to  a  polymer  which  was 
previously  water  dispersible. 

1.2.2  Amine-Epoxy  Ambient  Cure 

The  nucleophilic  character  of  the  nitrogen  atom  of  amines  constitutes 
the  basis  for  much  of  the  chemistry  of  this  class  of  organic  compounds. 

One  reaction  of  amines  known  to  occur  at  room  temperature  ,  is  the 
nucleophilic  ring  opening  of  the  epoxide  functional  group.  Illustrated 
in  equation  5,  the  reaction  of  2,3-epoxybutane  (6)  with  aqueous  ammonia 
produces  alpha-hydroxyamines  (_7).® 

A  NH-OH  |H 

CH.CH-CHCH,  - 2 - >  CH,CH-CHCH,  (Eq.  5) 

25  c  3  k,3 

6  7 

Applied  to  cross-linking,  the  reaction  of  polyepoxides  (9)  with 
polyamines  (8),7a  has  long  been  used  in  the  ambient  curing  of  adhesives 
(equation  6).7t) 

Q  0  OH  OH 

(fNH2  +  CH'-^H-R-CH-^  - )  (B>-NHCH2CH-R-tHCH2NH-(§!  (Eq.  6) 

8  9 

The  previous  discussions  of  dispersion  type  and  cross-linking 
mechanisms  represent  an  introduction  to  some  of  the  principles  encountered 
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in  waterborne  technology.  These  principles  are  believed  to  be 
fundamental  in  the  development  of  a  high  performance  waterborne  polymeric 
vehicle  for  coatings. 

2.0  Results  and  Discussion 

As  originally  planned,  achievement  of  the  ultimate  goal  of  the 
contract  involved  a  three-phased  approach.  The  initial  phase,  rated 
as  a  six-month  effort,  involved  evaluation  of  state-of-the-art  (SOTA) 
water-based  polymers.  In  this  phase  ,  manufacturers  of  commercial  waterborne 
resin  systems  were  contacted  and  presented  with  the  goals  and  performance 
requirements  specified  in  the  contract.  Samples  received  from  those 
manufacturers  wishing  to  make  submissions  were  classified  according  to 
chemical  structural  type.  Unpigmented  films  of  these  resins  were  then 
evaluated  for  performance  against  the  established  criteria.  Clear  films 
were  examined  for  the  purpose  of  ranking  the  various  classes  and 
screening  the  individual  resins  without  introducing  extraneous  effects 
attributed  to  pigmentation  and  other  additives  usually  found  in  a 
paint  formulation. 

The  second  phase  of  the  program,  also  rated  as  a  six- month  effort, 
comprised  pigmentation  of  the  resins  found  to  have  near  acceptable  dear- 
film  performance  in  phase  one.  The  purpose  of  this  effort  is  fairly 
obvious.  A  successful  coating  may  be  attained  merely  by  pigmenting  one 
of  the  commercially  available  resins.  However,  even  if  this  goal  were 
not  met,  additional  useful  information  could  be  gained.  The  effect  of 
pigmentation  on  cl  ear-film  performance  would  become  apparent  from  this 
study. 
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Since  the  contract  goal  applies  to  the  development  of  a  primer 
and/or  topcoat,  pigmentation  studies  were  designed  in  compliance  with 
this  dual  purpose  i.e.,  two  types  of  pigments  were  used  with  each  resin 
system. 

In  the  event  that  a  successful  coating  was  not  available  based 
on  commercial  water-based  resin  systems,  a  third  phase  of  effort  was 
planned.  This  phase,  rated  as  a  twenty-four  month  effort,  proposed  the 
synthesis  and  evaluation  of  novel  waterborne  polymer  systems  designed 
to  meet  the  established  high  performance  criteria. 

This  report  details  the  activity  for  the  initial  twelve  months 
of  the  contract.  The  results  described  constitute  the  completion  of 
phases  one  and  two  of  the  proposed  approach. 

2.1  Evaluation  Criteria 

Before  proceeding  with  a  discussion  of  results,  a  description 
of  the  criteria  defining  "high-performance"  is  warranted.  The  term  has 
been  referred  to  in  much  of  the  previous  discussion,  but  the  detailed 
requirements  have  not  been  fully  described.  In  general,  the  coating 
must  display  excellent  chemical  resistance,  flexibility  covering  a 
broad  temperature  range,  resistance  to  corrosion,  good  adhesion,  and 
exterior  durability. 

2.1.1  Fluid  Resistance 

A  successful  coating  must  display  resistance  to  a  variety  of 
fluids  covering  the  spectrum  of  polarity  from  non-polar  hydrocarbons 
to  highly  polar  esters  and  water.  Chemical  resistance  is  measured  in 


terms  of  softening  upon  immersion  in  the  test  fluid  for  a  specified 
time  period.  In  turn,  film  softening  is  recorded  as  a  function  of 
pencil  hardness  units  according  to  ASTM  D3363-74.  Briefly,  the  coating 
is  abraded  with  drafting  pencils  of  varying  hardness  in  a  given  order. 

The  last  pencil  failing  to  break  or  mar  the  coating  is  designated  as 
the  hardness.  In  order  from  hardest  to  softest,  the  pencils  used 
are:  4H,  3H,  2H,  H,  F,  HB,  B,  2B,  3B,  4B. 

The  coating  is  spray  applied  to  Alclad  2024-T3  aluminum  panels 
which  have  previously  been  given  an  alodine  chromate  conversion  coating. 

The  test  coating  is  then  allowed  to  dry  on  the  substrate  for  seven  days 
at  constant  temperature  (72°F;  23°C)  and  relative  humidity  (50  percent). 

The  original  pencil  hardness  of  the  coating  is  determined  and  the  coated 
panel  is  immersed  in  the  test  fluid. 

2. 1.1.1  Lubricating  Oil  Resistance 

A  successful  coating  must  not  soften  more  than  one  pencil  hardness 
unit  from  its  original  value  after  24  hours  inversion  in  lubricating 
oil  at  250°F  (121 °C) .  The  oil  is  a  mixture  of  98  percent  di isooctyl 
adipate  and  2  percent  tricresyl  phosphate  by  weight. 

2. 1.1. 2  Water  Resistance 

A  successful  coating  must  not  soften  more  than  one  hardness  unit  after 
immersion  for  four  days  in  distilled  water  at  100°F  (38°C). 

2. 1.1. 3  Hydraulic  Fluid  Resistance 

The  coating  must  not  soften  more  than  one  pencil  hardness  unit 


after  immersion  in  MIL-H-5606  hydraulic  fluid  for  seven  days  at  ambient 
conditions. 


2. 1.1.4  Skydrol  500B  Resistance 


The  coating  shall  not  soften  more  than  one  pencil  unit  after 
seven  days  at  ambient  conditions  in  Skydrol  500B  hydraulic  fluid. 

2. 1.1. 5  Hydrocarbon  Resistance 

The  film  shall  not  soften  more  than  one  pencil  hardness  unit  after 
seven  days  immersion  in  Type  III  fluid  of  Federal  Specification  TT-S- 
735  maintained  at  ambient  conditions. 

2.1.2  Flexibility  Testing 

A  successful  coating  must  display  flexibility  over  a  wide  temperature 
range.  Three  flexibility  tests  are  recorded  on  each  coating  applied 
to  Alclad  2024-T0  aluminum  substrate.  Reverse  impact  is  measured  in 
percent  elongation  on  alodine  treated  substrate.  Tests  are  performed 
on  panels  maintained  at  room  temperature  and  on  panels  heated  to  300°F  (149°C) 
for  four  hours.  Using  a  G.E.  model  impact  tester  according  to  FTMS  141, 

Method  6222,  the  coating  must  have  a  minimum  elongation  of  60  percent. 

Low  temperature  flexibility  (pass/fail)  is  performed  on  substrate 
which  has  no  alodine  treatment.  Coated  panels  maintained  at  -65°F  (-54°C) 
for  four  hours  are  bent  around  straight  mandrels  of  3/8  inch,  1/2  inch 
and  1  inch  diameter.  A  successful  coating  must  pass  at  least  1  inch. 

2.1.3  Corrosion  Resistance 

Corrosion  in  two  types  of  environment  is  determined  on  coatings 
applied  to  Alclad  2024-T3  given  an  alodine  chromate  treatment.  A 
successful  candidate  must  resist  500  hours  of  5  percent  salt  fog  and 
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and  720  hours  of  100  percent  humidity. 


2.1.4  Exterior  Durability 

Weatherability  is  determined  in  terms  of  gloss  retention  and  reverse 
impact  flexibility  according  to  FTMS  141;  Method  6152.  Exposure  is  for 
500  hours  in  a  self-contained  weathering  machine. 

In  addition  to  the  tests  outlined  above,  other  important  considerations 
are  shelf-life,  pot-life,  and  dry  times  before  an  additional  coat  can 
be  applied.  A  functional  coating  must  be  reasonably  in  line  with  the 
solvent-based  Mil  Spec  coatings. 

2.2  Clear  Film  Evaluations  -  Phase  One 

Among  the  evaluation  criteria  previously  listed,  fluid  resistance 
constitutes  a  significant  requirement.  In  designing  a  polymeric  system 
to  resist  the  test  fluids,  one  must  be  aware  that  cross-linking  is  not 
the  sole  answer  to  meeting  these  requirements.  Polymeric  structural 

O 

considerations  can  be  equally  important.  Developed  by  Flory,  the 
equilibrium  swelling  ratio  is  a  parameter  used  as  a  measure  of  solvent 
resistance.  Basically,  the  relationship  is  that  swelling  is  greatest 
in  networks  of  least  solvent  resistance.  The  relationship  is  defined 
quantitatively  as: 

qm5/3  “  (W  te-xyVj  (Eq.  7) 

where:  qm=  equilibrium  swelling  ratio 
VQ=  volume  of  unswollen  polymer 
vg=  effective  number  of  chains  in  the  network 
Xj=  sol  vent- polymer  interaction  parameter 
V^=  molar  volume  of  solvent 
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The  equation  shows  the  dependence  of  solvent  resistance  on  the 
extent  of  cross-linking  (VQ/v  )  and  on  polymer  type  (x-^).  The  effect 
of  cross-linking  is  obvious.  Increasing  the  number  of  cross-links 
( v  )  will  increase  solvent  resistance  thus  resulting  in  decreased  swelling. 
The  effect  of  polymer  type  on  resistance  is  more  subtle. 

The  solvent-polymer  interaction  parameter  (xj)  is  usually  a 

Q 

negative  value  in  systems  of  strong  interaction  (good  solubility).  In 
light  of  this,  increased  sol  vent-polymer  interaction  (xj<0)  translates  to 
poor  solvent  resistance  expressed  as  increased  swelling.  Conversely,  weak 
solvent-polymer  interaction  (x^O)  results  in  improved  resistance  or 
decreased  swelling. 

This  brief  discussion  emphasizes  the  importance  of  polymer  selection 
as  well  as  cross-linking  in  designing  a  fluid  resistant  polymer  system. 

And  for  this  reason  the  first  phase  of  the  contract  effort  is  devoted 
to  a  screening  of  various  polymer  types.  Extending  this  thought,  the 
commercial  samples  received  were  evaluated  as  linear  polymers  as  well 
as  cross-linked  networks  in  an  effort  to  assess  the  merit  of  the 
individual  polymer  backbone  toward  fluid  resistance.  This  section  discusses 
the  clear-film  performance  of  the  following  resin  types:  1)  acrylic 
latex,  2)  acrylic  solution  polymer,  3)  epoxy  emulsions,  4}  polyurethane, 

5)  butadiene  elastomeric  latex,  6)  polyester/alkyd,  7)  poly  (vinyl- 
chloride)  latex. 

2.2.1  Cross-linking  Resins 

The  two  mechanisms  of  ambient  cure  chemistry  referred  to  in 
sections  1.2.1  and  1.2.2  require  the  use  of  distinct  types  of  cross- 
linking  resins.  Carboxy-functional  polymers  require  the  use  of  aziridine 
cross-linkers.  Epoxy  resins  require  amino-functional  cross-linking  resins. 
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2. 2. 1.1  Aziridine  Cross-linking  Resins 

The  aziridine  functional  group  is  the  nitrogen  analog  of  the  epoxy 
functional  group  i.e.,  it  is  the  three-membered  nitrogen  heterocycle. 

The  parent  compound  is  ethylene  imine  referred  to  in  section  1.2.1  as 
structure  2. 

Three  aziridinyl  resins  were  available  from  commercial  manufacturers. 
All  are  classified  as  polyfunctional  aziridines  with  values  approaching 
three  functional  groups  per  molecule.  The  general  structure  is  given 
in  section  1.2.1  as  structure  5_. ^ 

Table  2-1  lists  comparative  properties  of  the  three  available 
resins.  Since  there  has  been  some  suspicion  that  the  class  of 
aziridines  displays  mutagenic  activity,  some  toxicity  information  is 
included  in  this  tabulation. 


Table  2-1 


Comparative  Properties  of  Aziridine  Resins 


XAMA- 2 

XAMA- 7 

CX-100 

Aziridine  functionality 

2.67 

2.76 

3 

Aziridine  content,  meq/g 

6.29 

6.76 

6.41 

Solids,  percent 

100 

100 

100 

Viscosity,  cps 

266 

1092 

200 

Density,  lbs/gal 

9.3 

9.9 

8.9 

LD5q,  mg/ kg 

1000 

>5000 

3038 

ToxTcity  classification 

-slightly  toxic — 

Skin  irritation 

moderate 

mild 

moderate 

Eye  irritation 

corrosi ve 

strong 

corrosive 

The  XAMA  resins  are  available  from  Cordova  Chemical  Company;  the 
CX-100  resin  is  a  product  of  Polyvinyl  Chemical  Industries. 
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2. 2. 1.2  Amino-functional  Cross-linking  Resins 


The  cross-linking  of  epoxy  resins  under  ambient  conditions 
requires  the  use  of  amino-functional  reactants.  Since  most  epoxy  resins 
are  not  dispersible  in  water,  the  use  of  surfactants  is  required  to 
emulsify  the  epoxy  resin.  Amino-functional  polymers  reacted  with 
appropriate  acids  to  produce  cationic  dispersions  (section  1.1)  serve 
the  dual  role  of  acting  as  cross-linker  and  as  surfactant.  Since  two 
polymeric  species  are  required  (viz.  the  epoxy  and  the  amino-functional 
polymer),  the  question  arises  as  to  which  is  the  base  resin  and  which  is 
the  cross-linker.  This  becomes  academic  in  formulation  and  for  simplicity 
the  amino-functional  polymers  will  be  discussed  as  cross-linkers  with 
epoxy  resins  discussed  as  a  class  later. 

Two  ami  no- functional  polymers  are  available  for  use  in  aqueous 
dispersions.  Dow  Chemical  Company  manufactures  experimental  resin 
XD7080  and  Horton  Chemical  Company  produces  MorFlo  40.  Table  2-2  is  a 
comparison  of  the  physical  properties  of  these  two  resins. 

Table  2-2 

Physical  Properties  Of  Amino-functional  Resins 


XD7080 

MorFlo  40 

Resin  solids,  percent 

49 

40 

Amine  equivalent  weight 

500 

1429 

Viscosity,  cps 

5500 

800 

Density,  lbs/gal 

8.8 

8.0 

pH 

3 

5 
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Both  resins  are  amine  containing  acrylic  polymers  which  have  been 
reacted  with  different  acids.  The  Dow  resin  is  available  as  an  aqueous 
dispersion^;  the  Morton  resin  is  a  solution  in  waters  miscible  cosolvents: 
isopropanol,  cellosolve,  and  butyl  cellosolve. 

2.2.2  Acrylic  Latex  Resins 

The  term  "acrylic"  is  an  extremely  broad  term  encompassing  a 
seemingly  infinite  number  of  resins.  The  derivation  is  based  on  the 
synthesis  of  the  polymers  by  free  radical  initiation.  Acrylic  acid 
(10a) ,  methacrylic  acid  (21a),  and  any  esters  of  either  acid  imaginable 
(10b  and  lib)  can  be  used  in  any  combination  and  account  for  the 
generic  name  "acrylic". 

ch2=ch-coor  ch2=c(ch3)coor 

10  11 


a ;  R-H 

b;  R=alkyl,  aryl 


Variation  of  the  relative  amounts  and  the  types  of  monomers  used 
in  the  polymerization  can  give  rise  to  copolymers  covering  a  range  of 
properties  from  hard  and  brittle  to  soft  and  rubbery.  The  type  of 
performance  desired  in  a  copolymer  can  usually  be  achieved  from 
calculations  based  on  knowr  properties  of  the  homopolymers  according 
to  equation  8. 


1  -  1 

Tgli 


(Eg.  8) 
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According  to  this  equation  the  reciprocal  of  the  glass  transition 
temperature  of  the  copolymer  is  calculated  in  terms  of  the  weight 


fractions  of  the  acrylic  monomers  (W-j  .  .  .  Wn)  and  the  glass  transition 

1 2 

temperatures  of  the  individual  acrylic  homopolymers  (Tg-j  .  .  .  Tgn). 

For  applications  requiring  toughness  and  moisture  barrier 
properties,  it  is  frequently  desirable  to  incorporate  styrene  (12a) 
as  one  of  the  monomers.  Copolymers  of  this  type  are  referred  to  as 

r 

CH2  =  CH-R 
12 

a;  R  =  aromatic  c;  R  =  ether 

b;  R  =  halogen  d;  R  =  nitrile 

styrene-acrylic  or  styrenated  acrylics.  Other  applications  may  require 
features  attributed  to  other  vinyl  containing  compounds  such  as  halides 
(12b) ,  ethers  (J2c)  or  acrylonitrile  (l_2d).  These  copolymers  are 
generically  known  as  vinyl -acryl ics. 

Incorporation  of  additional  chemical  functionality  into  the  polymer 
backbone  is  possible  by  varying  the  structure  of  the  R  groups  in  K),  1_1_, 
and  T2.  Such  is  the  case  in  applications  requiring  special  features 
such  as  enhanced  adhesion,  gloss,  compatibility  with  additives  or  water 
dispersibility.  In  fact,  this  is  the  nature  of  the  amino-functional 
acrylic  cross-linking  resins  referred  to  in  the  previous  section. 

Acrylic  latex  polymers  are  colloidal  dispersions  prepared  by  the 
technique  of  emulsion  polymerization.  This  is  distinct  from  the 

-16- 


previously  referred  to  dispersion  method  of  introducing  ionic  groups 

directly  into  a  polymer  backbone.  Numerous  texts  have  been  devoted 
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to  the  subject  of  emulsion  polymerization  and  a  review  is  not 
warranted  here.  However,  for  purposes  of  this  report,  two  features 
distinguish  latex  polymers  from  other  dispersion  types.  These  are; 

1)  use  of  external  surfactants  in  dispersion  stabilization  and  2) 
considerably  higher  molecular  weight. 

Most  latex  polymers  incorporate  a  small  amount  of  carboxylic 
acid  functionality  to  enhance  stabilization  of  the  colloid.  This 
functionality  can  be  used  in  cross-linking;  thus  these  latices  exhibit, 
the  carboxy-aziridine  cross-1  inking  mechanism. 

2 . 2 . 2 . 1  Physical  Properties  of  Acrylic  Latex  Resins 

Four  acrylic  latex  samples  were  received  from  commercial  manufacturers 
Rhoplex  WL-81  and  VJL-91  are  supplied  by  Rohm  and  Haas;  Ucar  4431 X 
and  4433X  are  available  from  Union  Carbide  Corporation.  Each  resin 
is  recommended  for  use  in  industrial  water-based  lacquers.  Table  2-3 
summarizes  the  physical  properties  of  the  samples. 

Table  2-3 

Physical  Properties  Of  Acrylic  Latex  Resins 


VIL-81 

WL-91 

4431 X 

4433X 

Resin  type 

acrylic 

acryl  ic 

styrene- 

acrylic 

styrene- 
acryl ic 

Solids,  percent 

41.5 

41.5 

41 

47 

Viscosity,  cps 

400 

1200 

500 

80 

MFT,  °C 

57 

52 

41b 

44b 

Density,  ibs/gal 

8.65 

8.6 

8.74 

8.74 

Acid  Value,  meqg 
sample3 

0.34 

0.25 

0.14 

0.22 

pH 

7.5 

7.5 

8.5 

9.1 

a)  determined  experimental ly;  b)  s’ass  transition  temperature 


The  Ucar  resins  are  classified  as  styrene-acrylic  resins.  The 
Rhoplex  resins  are  all  acrylic  but  WL-91  has  acrylonitrile  incorporated 
as  a  comonomer.  The  acid  values  reported  were  determined  experimentally 


by  potentiometric  titration  in  50  percent  ethanol -water  against 

standardized  potassium  hydroxide. 

Minimum  film  formation  temperature  (MFT)  corresponds  to  the 

minimum  temperature  required  to  form  a  continuous  film.  This  correlates 

to  a  very  crude  approximation  of  the  actual  glass  transition  temperature 

of  the  resin.  AS  is  evident,  none  of  the  sample  are  capable  of  forming 

films  at  room  temperature.  In  formulation,  this  requires  the  use 

of  so  called  coalescing  solvents.  These  materials  are  high  boiling, 

water-miscible  solvents  which  evaporate  slowly  enough  so  as  to  allow  the 

polymer  molecules  which  constitute  the  colloidal  particles  to  coalesce 
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into  a  continuous  film. 

2. 2. 2. 2  Physical  Performance  of  Acrylic  Latex  Resins 

As  noted  previously  in  section  2.2,  each  resin  was  evaluated 
as  a  linear  polymer  and  as  a  network  structure  cross-linked  with 
aziridine  resins.  Table  2-4  details  the  resinous  features  of  the 
acrylic  latex  formulations  evaluated. 


Table  2-4 


Acrylic  Latex  Coatings 


Number 

Formulation 

Resin 

Cross-linker 

Film  Structure 

2.2-1 

2464-4B 

WL-91 

linear 

2.2-2 

2464-4C 

WL-81 

linear 

2.2-3 

2464-4D 

4431 X 

linear 

2.2-4 

2464-4E 

4433X 

linear 

2.2-5 

2464-25 

WL-81 

XAMA-2 

network 

2.2-6 

2464-26 

WL-81 

XAMA-7 

network 

2.2-7 

2464-27 

WL-91 

XAMA-2 

network 

2.2-8 

2464-28 

WL-91 

XAMA-7 

network 

2.2-9 

2464-29 

4431 X 

XAMA-2 

network 

2.2-10 

2464-30 

4431 X 

XAMA-7 

network 

2.2-11 

2464-40 

4433X 

XAMA-2 

network 

2.2-12 

2464-41 

4433X 

XAMA-7 

network 

As  the  table  indicates,  the  cross-linking  resins  were  the  two 
aziridines  available  from  Cordova  Chemical  Company.  The  use  of  both 
resins  is  obviously  designed  to  distinguish  reactivity  and  other  effects 
attributed  to  the  individual  cross-1  inkers. 

2. 2. 2. 2.1  Fluid  Resistance  of  Acrylic  Latex  Coatings 
Table  2-5  summarizes  the  fluid  resistance  of  the  coatings  listed 
above.  As  indicated  previously  in  section  2.1.1,  fluid  resistance  is 
reported  in  terms  of  pencil  hardness.  A  successful  coating  should  not 
soften  more  than  one  pencil  unit  after  immersion  in  the  test  fluid.  Test 
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criteria  have  been  previously  described. 


Table  2-5 

Fluid  Resistance  Of  Acrylic  Latex  Coatings 


Coating 

Number 

Film 

Thickness 

(mil)* 

Original 

Hardness 

Lubricating 

Oil 

Water 

Hydraulic  Skydrol 
Fluid  500B 

Type  III 
Hydrocarbon 

2.2-1 

O 

<o 

1 

B-2B 

<4B 

<4B 

B 

DFb 

2B 

2.2-2 

1.3-1. 9 

2B 

<4B 

<4B 

4B 

DFb 

<4B 

2.2-3 

0.8-1. 7 

2B 

<4B 

<4B 

HB 

DFb 

2B 

2.2-4 

1.3-2. 3 

2B-3B 

DFb 

<4B 

B 

DFb 

<4B 

2.2-5 

1. 6-2.1 

B 

<4B 

B-2B 

2B 

<4B 

<4B 

2.2-6 

1. 6-2.0 

B 

<4B 

2B 

B 

<4B 

<4B 

2.2-7 

1.9-2. 5 

2B 

<4B 

<4B 

B 

<4B 

<4B 

2.2-8 

2. 3-3. 4 

2B 

<4B 

<4B 

B 

<4B 

<4B 

2.2-9 

1.0-2. 4 

B-2B 

<4B 

B-2B 

HB-B 

<4B 

<4B 

2.2-10 

0. 9-2.1 

2B 

<4B 

2B 

HB 

<4B 

<4B 

2.2-11 

2. 6-3. 6 

2B-3B 

<4B 

<4B 

2B 

<4B 

<4B 

2.2-12 

2. 7-4. 2 

3B 

<4B 

<4B 

2B 

<4B 

<4B 

a)  range  of  film  thicknesses  measured  at  various  points  over  three  panels; 

b)  film  dissolved  in  fluid. 

Some  comments  about  data  presentation  may  be  worthwhile.  The  range 
of  film  thickness  reported  corresponds  to  values  determined  on  various 
points  of  the  substrate  panel.  Additionally,  the  readings  were  taken  on 
the  three  panels  used  for  fluid  resistance  testing.  The  distribution 
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of  coated  substrate  for  testing  is  discussed  in  the  Experimental  Section 
of  this  report  (3.1.3). 

As  is  readily  apparent,  there  is  very  little  fluid  resistance 

demonstrated  in  any  of  the  formulations  evaluated.  This  general  trend 

of  performance  among  the  class  of  acrylic  latices  is  surprising  given 

the  extreme  molecular  weights  attainable  in  emulsion  polymerization. 

However,  in  view  of  the  high  MFT  values  (Table  2-3),  incomplete 

coalescence  of  the  latex  particles  may  be  accountable.  Insufficient 

coalescence  prior  to  cross-linking  would  result  in  cross-linked 

particulate  films  as  opposed  to  cross-linked  molecular  films.  Mole- 

15  Hence 

cular  films  possess  greater  resilience  than  particulate  films.  ’ 

complete  coalescence  is  generally  required  for  optimum  mechanical  and 

chemical  performance  of  latex  coatings; 

Since  fluid  resistance  performance  indicated  inefficient  cross- 

linking,  no  comparative  evaluation  of  cross-linking  resins  could  be 

made. 

2. 2. 2. 2. 2  Flexibility  of  Acrylic  Latex  Coatings 

Table  2-6  details  the  flexibility  performance  of  the  acrylic  latex 
formulations  evaluated.  As  discussed  previously,  reverse  impact 
flexibility  is  reported  in  percent  elongation  using  a  G.E.  impact  tester; 
low  temperature  flexibility  is  on  a  pass/fail  basis  after  bending 
around  straight  mandrels  of  the  indicated  diameter.  Details  of  the 
test  criteria  have  been  given  in  section  2.1.2. 
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Table  2-6 


Flexibil i ty Of  Acrylic 

Latex  Coatings 

Coating 

Number 

Film 

Thickness 

(mil) 

Ambient 

Impact 

High  Temp. 
Impact 

Low  Temp. 
Mandrel 

2.2-1 

1.0-1. 9 

0.5-1 .0 

40 

fail 

1 

inch 

2.2-2 

1. 2-2.0 

<0.5 

0.5 

fail 

1 

inch 

2.2-3 

1.0-1. 7 

60 

5 

fail 

1 

inch 

2.2-4 

1.6-2. 2 

0. 5-1.0 

40-60 

fail 

1 

inch 

2.2-5 

1.9-2. 5 

60 

60 

fail 

1 

inch 

2.2-6 

1. 7-2.1 

60 

60 

fail 

1 

inch 

2.2-7 

3. 3-4. 4 

60 

60 

fail 

1 

inch 

2.2-8 

2. 1-2.8 

60 

60 

fail 

1 

inch 

2.2-9 

1.0-1. 9 

60 

1-2 

pass 

1 

inch 

2.2-10 

1.4-2. 6 

60 

1 

pass 

1 

inch 

2.2-11 

2. 9-4. 4 

60 

<0.5 

fail 

1 

inch 

2.2-12 

2.8-4. 1 

60 

0.5 

fail 

1 

inch 

Again  since  tests  are  performed  on  duplicate  samples,  both  values 
are  reported  where  differences  occurred.  Film  thickness  ranges  are 
recordings  determined  at  several  points  over  the  four  substrate  panels 
specified  for  flexibility  testing  (see  section  3.1.3). 


-22- 


c 


The  results  indicate  acceptable  impact  flexibility  in  most  cases 
but  overall  poor  low  temperature  flexibility. 

2.2.3  Aqueous  Acrylic  Solution  Polymers 

The  discussion  of  acrylic  polymers  given  in  reference  to  acrylic 
latex  resins  applies  equally  well  to  acrylic  solution  polymers.  The 
resins  are  prepared  by  the  chain-growth  addition  polymerization  of  the 
same  monomers  referred  to  in  section  2.2.2.  A  major  distinction  is  that 
latices  are  prepared  by  free-radical  initiated  emulsion  polymerization 
in  aqueous  medium  while  acrylic  solution  polymers  are  prepared  by  reaction 
in  organic  solvents.  Although  most  acrylic  solution  polymers  are 
synthesized  by  free-radical  initiation,  use  of  organic  solvent  does 
not  limit  the  initiation  to  the  free-radical  mechanism.  Thus  polymers 
having  the  narrow  molecular  weight  distribution  and  stereoregularity 
characteristic  of  anionic  initiation1 6  are  possible. 

Unlike  their  latex  counterparts,  acrylic  solution  polymers,  once 
synthesized,  must  be  converted  from  organic  solution  to  aqueous  dispersion. 
This  process  involves  the  technique  of  introducing  ionic  groups  into 
the  polymer  as  discussed  in  section  1.1  Both  cationic  and  anionic 
acrylic  dispersions  are  known. 

As  referred  to  previously,  the  mechanism  of  ambient  cross-linking 
depends  upon  the  dispersion  type.  Anionic  dispersions  are  aenerallv 
the  result  of  carboxylic  acid  functionality.  These  resins  display  the 
carboxy-aziridine  cross-linking  mechanism.  Conversely,  cationic  resins 
exhibit  the  epoxy-amine  mechanism. 


t 


Since  all  the  acrylic  solution  polymers  evaluated  were  anionic 
dispersions,  aziridine  cross-linkers  were  the  only  resins  used. 

2- 2. 3.1  Physical  Properties  of  Acrylic  Solution  Polymers 

A  comparison  of  the  physical  properties  of  the  aqueous  acrylic 
solution  polymers  evaluated  is  given  in  Table  2-7. 

Table  2-7 

Comparative  Properties  Of  Acrylic  Solution  Polymers 
Pllolite  Pllollte  Amsco  Res  Carboset  Carboset  Carboset  Carboset  Acrylold  Acrysol 


WR-3 

WR-5 

200 

514 

XL- 11 

XL- 19 

XL-22 

WR-97 

US-68 

Resin  type 

styrene- 

acrylic 

styrene- 

acrylic 

acrylic 

acrylic 

acrylic 

acryl 'c 

acrylic 

acrylic 

acrylic 

Appearance 

solid 

solid 

opaque 

hazy 

opaque 

opaque 

opaque 

clear 

clear 

Solids,  % 

100 

100 

40 

30 

30 

40 

40 

70 

38 

PH 

... 

... 

7.3 

7.3 

6.7 

7.5 

7.5 

— 

7.5 

Viscosity,  cps 

200* 

200* 

300 

150 

50 

50 

50 

15,000 

500 

Density, 

lbs/gal 

8.8 

8.8 

8.9 

8.7 

... 

... 

... 

8.3 

8.7 

Acid  Value, 

0.34 

0.34 

0.63 

1.16 

1.32 

0.57 

0.57 

0.69 

1.71 

‘Viscosity  of  a  33  percent  solution  In  butyl  cellosolve 


The  Pliolite  resins  of  the  Goodyear  Tire  and  Rubber  Company  were 
supplied  in  powder  form  and  as  such  had  to  be  made  dispersible.  The 
manufacturer  recommends  triethylamine  as  a  volatile  base  for  this  purpose. 
Both  resins  are  designated  as  styrene-acrylics. 

Amsco  Res  200  {Union  Chemicals)  is  a  milky  emulsion  containing 
40  percent  all  acrylic  resin.  Conversion  from  emulsion  to  solution 
occurs  during  formulation  by  addition  of  aqueous  ammonia  as  the  volatile 
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base.  The  manufacturer  also  recommends  the  use  of  water-miscible 


cosolvents. 

The  Carboset  family  of  resins  is  available  from  B.F.  Goodrich 
Chemical  Company.  Carboset  514  is  a  colorless  hazy  solution.  The 
other  members  of  this  family  are  milky  emulsions.  Carboset  XL- 1 1  is  a 
higher  acid  value,  higher  Tg  analog  of  514.  Carboset  XL- 1 9  and  XL-22 
are  lower  acid  value  analogs  of  514  with  XL-22  having  a  Tg  equivalent 
to  XL- 11  and  XL-19  having  a  Tg  equivalent  to  514. 

The  acryloid  and  acrysol  resins  are  available  from  Rohm  and 
Haas.  Acryloid  WR-97  is  supplied  as  a  70  percent  clear  solution  in 
water  miscible  cosolvents.  This  resin  is  to  be  made  water-dispersible 
by  addition  of  aqueous  ammonia  and  water  during  formulation.  Acrysol 
WS-68  is  a  clear,  blue-green  solution  in  water. 

2. 2. 3. 2  Performance  of  Acrylic  Solution  Polymers 

Table  2-8  details  the  resins  used  in  the  various  formulations 
evaluated.  Since  XAMA-7  represented  the  least  irritating  member  of 
the  family  of  aziridine  cross-linkers,  this  was  the  resin  of  choice 
used  to  form  all  network  films. 
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Table  2-8 


Aqueous  Acrylic  Solution  Polymer  Coatings 


Number 

Formulation 

Resin 

Cross-linker 

Film  Structure 

2.3-1 

2464-45 

Pliolite  WR-3 

— 

linear 

2.3-2 

2464-46 

PI iol ite  WR-5 

— 

1  inear 

2.3-3 

2464-49 

Carbpset  514 

— 

linear 

2.3-4 

2464-118 

Carboset  XL- 1 1 

— 

linear 

2.3-5 

2464-51 

Amsco  Res  200 

— 

1  inear 

2.3-6 

2464-111 

Acrysol  WS-68 

— 

linear 

2.3-7 

2464-116 

Acryloid  WR-97 

— 

1  inear 

2.3-3 

2464-45B 

Pliolite  WR-3 

XAMA-7 

network 

2.3-9 

2464-460 

Pliolite  WR-5 

XAMA-7 

network 

2.3-10 

2464-50 

Carboset  514 

XAMA-7 

network 

2.3-11 

2464-119 

Carboset  XL-11 

XAMA-7 

network 

2.3-12 

2464-75 

Carboset  XL-22 

XAMA-7 

network 

2.3-13 

2464-76 

Carboset  XL- 1 9 

XAMA-7 

network 

2.3-14 

2464-52 

Amsco  Res  200 

XAMA-7 

network 

2.3-15 

2464-115 

Acrysol  WS-68 

XAMA-7 

network 

2.3-15 

2454-1 1  ~ 

Icryloid  'JR-97 

XAMA-7 

network 

2. 2. 3. 2.1 

Fluid  Resistance  of  Aqueous  Acrylic 

Solution  Polymers 

Table  2-9  summarizes  the  fluid  resistance  performance  of  the  films 
based  on  the  available  acrylic  solution  polymers.  As  before,  the 
performance  is  reported  in  terms  of  pencil  hardness  values. 
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Table  2-9 


Fluid  Resistance  of  Acrylic  Solution  Polymers 


Coat  '>3 

V-jriiter 

Film 

Thickness  (mil) 

Original 

Hardness 

Lubricating 

Oil  Water 

Hydraul ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarbon 

2.3-1 

0.9-2. 1 

HB 

HB 

<4B 

<4B 

DF* 

<4B 

2.3-2 

0.6-1. 5 

HB 

F 

2B 

<4B 

OF* 

<48 

2.3-3 

1.2-1. 9 

HB 

<48 

<4B 

HB 

DF* 

<4B 

2.3-4 

1.0-1. 5 

HB 

HB 

<48 

F 

DF* 

<4B 

2.3-5 

1.1-1. 8 

HB 

F 

<4B 

HB 

DF* 

HB 

2.3-6 

1.0-1. 3 

3B 

<4B 

OF* 

<4B 

DF* 

<  4B 

1  (  ^ 

2.3-8 

0.9-1. 6 

HB 

<4B 

2B 

<4B 

<48 

<4B 

2.3-9 

0.7-1. 5 

I1B 

<48 

2B 

<4B 

<4B 

<4B 

2.3-10 

1. 4-2.0 

HB 

HB 

2B 

HB 

<4B 

3B 

2.3-11 

1. 3-2.0 

F 

F 

3B-4B 

F-H 

HB 

HB 

2.3-12 

1.2-2. 7 

HB 

<48 

3B-<4B 

HB 

<4B 

<4B 

2.3-13 

1.2-2. 4 

HB 

<4B 

<4B 

HB 

<4B 

<4B 

2.3-14 

1.4-1. 8 

HB 

F 

2B 

HB 

<4B 

HB 

2.3-15 

0.9-1. 3 

HB 

3B 

<48 

HB 

<4B 

<4B 

2.3-16 

0. 5-0.8 

B 

<4B 

<4B 

3B 

DF* 

<4B 

*0F  *  film  dissolved  in  fluid 


Some  general  trends  concerning  the  fluid  resistance  of  acrylic 
solution  polymers  may  be  noted  from  the  table.  These  resins  display 
very  little  resistance  to  any  of  the  fluids  as  linear  polymers 
(nos.  1-7).  Cross-1  inking  (nos.  8-16)  improves  fluid  resistance  somewhat 
as  may  be  expected.  However,  even  network  films  of  the  resins  with 
original  low  Tg  values  (8,9,15,16)  are  severely  attacked.  Those 
resins  having  reportedly  higher  Tg  values  (10,11,14)  display  near 
acceptable  fluid  resistance. 
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Trends  are  also  detectable  within  the  carboset  family  of  resins. 


A 


The  lower  acid  value  resins  (nos.  12  and  13)  have  poorer  resistance 
than  those  with  more  carboxylic  acid  functionality  (nos.  10  and  11). 

This  aoparently  is  an  effect  of  a  difference  in  cross-link  density. 

The  effect  of  Tg  of  the  linear  polymer  is  noticeable  in  this  series 
also  as  the  resin  with  the  highest  Tg  (no.  11)  has  the  best  performance. 
Thus,  the  combined  effect  of  the  original  polymer's  structure  and 
the  cross-link  density  in  determining  fluid  resistance  is  clearly 
detectable.  This  phenomenon  was  referred  to  in  section  2.2. 

Among  the  class  of  acrylic  solution  polymers,  the  performance 
of  three  resins  is  distinguishable.  Carboset  514,  Carboset  XL- 11, 
and  Amsco  Res  200  display  near  acceptable  fluid  resistance.  Notable 
is  the  fact  that  cross-linked  Carboset  XL-11  is  the  only  resin  to  resist 
Skydrol.  However,  water  attacks  this  resin  more  severely  than  Amsco 
Res  200  or  Carboset  514. 

2. 2. 3. 2. 2  Flexibility  of  Aqueous  Acrylic  Solution  Polymers 

Table  2-10  indicates  the  reverse  impact  and  low  temperature 
flexibility  of  the  coatings  based  on  the  available  acrylic  solution 
polymers. 


Table  2-10 


Flexibility  of  Aqueous  Acrylic  Solution  Polymers 


Coati ng 

Film 

Ambient 

High  Temp. 

Low  Temp. 

Number 

Thickness  (mil) 

Impact 

Impact 

Mandrel 

2.3-1 

0. 9-2.1 

<0.5 

<0.5 

fail 

1 

in. 

2.3-2 

0.6-1. 5 

<0.5 

<0.5 

fail 

1 

in. 

2.3-3 

1.2-1. 9 

<0.5 

<0.5 

fail 

1 

in. 

2.3-4 

1.1-1. 5 

<0.5 

<0.5 

fail 

1 

in. 

2.3-5 

1.1-1. 8 

<0.5 

<0.5 

fail 

1 

in. 

2.3-6 

1.1-1. 7 

<0.5 

<0.5 

fail 

1 

in. 

o  o  7 

n  a  n  a 

6.0-/ 

U .  H- U .  D 

r  i  Im  UOcS  TiOl  Ur y — 

2.3-8 

0.9-1. 6 

<0.5 

<0.5 

fail 

1 

in. 

2.3-9 

0.7-1. 5 

<0.5 

<0.5 

fail 

1 

in. 

2.3-10 

1. 4-2.0 

60 

60 

pass 

1 

in. 

2.3-11 

1.3-1. 7 

<0. 5-1.0 

20 

fail 

1 

in. 

2.3-12 

1.3-2. 8 

0. 5-1.0 

0. 5-1.0 

fail 

1 

in. 

2.3-13 

1.3-2. 2 

2.0 

1.0 

fail 

1 

in. 

2.3-14 

1.4-1. 8 

1.0 

0.5 

pass 

1 

in. 

2.3-15 

1.2-1. 7 

<0.5-0. 5 

20 

fail 

1 

in. 

2.3-16 

0.6-0. 9 

60 

60 

pass 

3/8  in 

As  is  evident  from  the  results  presented  in  the  table,  the  class 
of  aqueous  acrylic  solution  polymers  offers  little  potential  for  meeting 
the  required  flexibility.  One  surprising  result  is  evident,  however. 
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Addition  of  XAMA-7  appears  to  have  some  flexibilizing  effect.  This 
is  an  unexpected  phenomenon  as  the  effect  of  cross-linking  is  usually 
embrittlement  -  not  the  reverse.  This  anomalous  behavior  may  be  an 
indication  of  an  incomplete  extent  of  reaction  between  the  resin  and 
cross-1  inker. 

2.2.4  Epoxy  Resin  Emulsions 

Ethylene  oxide  (T3)  is  the  molecule  upon  which  epoxy  resin 
technology  is  based.  The  three  membered  oxygen  heterocyclic  structure 

0 

/  \ 

CH^-CH2 

13 


in  is  known  as  the  "epoxide"  or  "oxirane"  functionality.  Related 
compounds  possessing  this  structure  are  given  the  name  "epoxide",  and 
resins  containing  this  functionality  are  termed  "epoxy  resins."17 

Of  the  many  methods  of  chemically  synthesizing  epoxides18  perhaps 
the  most  generally  used  industrial  method  is  the  condensation  of  hydroxy 
compounds  with  epichlorohydrin  (14)  shown  in  equation  9. 

°  P\ 

R-OH  +  CH2-CHCH2C1  - >  R0-CH2CH-CH2  (Eq.  9) 

14 

Industrial  resins  based  on  equation  9  are  usually  prepared  using 
dihydroxy  compounds.  Equation  10  indicates  the  general  structure  of 
the  resins  prepared  in  this  manner. 
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HO-R-OH  +  CH2-CHCH2C1  - >  CH2-CHCH2(0R0CH2CHCH2)n0R0CH2CH-CH2  ( 


Some  of  the  more  common  di hydroxy  compounds  used  are  bisphenol- 
A(15)  which  is  the  basis  of  aromatic  epoxy  resins  and  hydrogenated  bis- 


15  16 

pheno1-A(26)  which  is  used  in  the  preparation  of  aliphatic  epoxies. 

Aliphatic  epoxies  are  also  prepared  from  di hydroxy  prepolymers  of 

propylene  oxide  (17)  and  epichlorohydrin  as  in  equation  10. 

CH, 

I  3 

H04CH2CH0)nH 

17 


A  third  class  of  epoxy  resins  has  recently  become  commercially 
available.  The  synthesis  of  this  class  is  based  on  the  oxidation  of 
olefins  as  in  equation  11.^ 


v  / 

C=C  +  RCOoH 
/  \  3 


0 

./\y 


RC02H 


(Eq.  11) 


The  olefins  used  are  cyclic  structures  and,when  oxidized,  become 
saturated  cyclic  structures  as  exemplified  by  TSt.  Resins  based  on  this 
structure  are  termed  "cycloaliphatic"  epoxy  resins. 


CH  tO  _C 


Epoxy  resins  are  generally  not  water-miscible  and  must  be  dispersed 


as  emulsions.  This  technique  requires  the  use  of  external  emulsifying 
surfactants.  Fortunately,  the  mechanism  of  cross-linking  nicely  accommodates 
this  need.  The  amino-functional  polymers  referred  to  as  cross-linking 
resins  in  section  2. 2. 1.2  serve  the  added  function  of  acting  as  an 
emulsifying  surfactant.  The  risk  of  introducing  water  sensitivity 
associated  with  additional  external  surfactants  is  thus  eliminated. 

2.2.4. 1  Physical  Properties  of  Epoxy  Resins 

A  comparison  of  the  physical  properties  of  the  epoxy  resins 
evaluated  is  given  in  Table  2-11. 

Table  2-11 

Comparative  Properties  of  Epoxy  Resins 


DER 

324 

DER 

331 

DER 

732 

DRH 

151.2 

.'lor 

Cure  75 

Araldite 

CY- 179 

Resin  solids. 

100 

100 

100 

100 

75 

100 

percent 

Viscosity,  cps 

600 

12,500 

75 

2000 

60 

350 

Density,  Ibs/gal 

— 

9.7 

8.9 

9.1 

9.0 

9.7 

Gardner  color 

3 

1 

1-2 

— 

1 

Equivalent  weight 

204 

186 

320 

235 

197 

140 

Resin  type 

aro¬ 

aro¬ 

al  i- 

aliohatic  aromatic 

cyclo- 

matic 

matic 

pnatic 

al  iphatic 

Shell  resin 

DRH  151. 

2  is  an 

aliphatic  epoxy 

based  on  hydrogenated 

bisphenol  A.  Dow 

resin  DER  732  is  an  aliphatic  flexibilizing  epoxy  based 

\ 

) 

I 

I 


on  polypropylene  oxide.  DER  324  is  a  blend  of  a  high  viscosity  aromatic 
bisphenol  A  epoxy  and  a  low  viscosity  diluent  epoxy.  DER  331  is  a 
standard  hard  aromatic  epoxy.  Not  much  is  known  about  Mor  Cure  75, 
but  it  is  believed  to  be  an  aromatic  epoxy  in  glycol  type  solvent. 

2. 2. 4. 2  Performance  of  Epoxy  Resin  Emulsions 

Since  the  resins  evaluated  are  liquid  materials,  they  are  not 
expected  to  produce  dry  films  without  the  aid  of  a  reactant  species. 

For  this  reason  only  cross-linked  resins  were  evaluated.  The  formulations 
examined  were  based  on  recommendations  from  the  manufacturer.  In 
some  cases,  modifications  of  the  recommended  formulations  were  required 
to  enhance  sprayabi 1 i ty. 

Table  2-12  summarizes  the  resinous  features  of  the  epoxy  emulsion 
coatings  evaluated. 


Table  2-12 

Epoxy  Emulsion  Coatings 


Number 

Formulation 

Resin 

Cross-linker 

2.4-1 

2524-14 

DER  324 

DER  732 

XD  7080 

2.4-2 

2524-15 

DRH  151.2 

XD  7080 

2.4-3 

2524-44 

DER  331 

DER  732 

XD  7080 

2.4-4 

2524-64 

Mor  Cure  75 

Mor  Flo  40 
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Results  of  these  formulation  studies  indicate  that  the 


development  of  an  epoxy  emulsion  coating  will  require  two 
components  consisting  of  a)  the  aqueous  dispersion  of  cross-linker 
resin,  and  b)  the  epoxy  component.  The  two  components  cannot  be 
blended  as  one  mixture  because  the  resulting  emulsion  will  a)  irreversibly 
separate  into  phases  upon  standing  overnight,  and/or  b)  gel  in 
storage  within  seven  days.  Best  results  were  obtained  when  the  two 
components  were  emulsified  immediately  prior  to  application  with  a 
short  (30  min)  induction  period. 

2. 2. 4. 2.1  Fluid  Resistance  of  Epoxy  Emulsion  Coatings 

Table  2-13  lists  the  fluid  resistance  performance  of  the  above 
emulsion  coatings.  Again,  all  values  are  in  units  of  pencil  hardness. 


Table  2-13 

Fluid  Resistance  of  Epoxy  Emulsion  Coatings 


Coating 

Number 

Film 

Thickness 

(mil) 

Original 

Hardness 

Lubricating 

Oil 

Water 

Hydraul  ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarbon 

2.4-1 

0.7-1. 0 

HB 

3B 

B-2B 

HB 

<4B 

3B 

2.4-2 

1.0-1. 3 

HB 

3B-<4B 

2B 

HB 

<4B 

<4B 

2.4-3 

1.4-2. 5 

HB 

HB 

2B-3B 

HB 

<4B 

3B-<4B 

2.4-4 

0.5-1. 3 

HB 

2B-3B 

<4B 

HB 

<4B 

<4B 

From  the  tabulated  results,  films  of  epoxy  emulsion  coatings  are  highly 
susceptible  to  attack  by  the  test  fluids.  Skydrol  and  Type  III  hydro¬ 
carbon  appear  to  soften  the  films  most  severely.  Coating  numbers  1-3  were 
still  soft  and  tacky  after  48  hours  dry  time. 


2. 2. 4. 2. 2  Flexibility  of  Epoxy  Emulsion  Coatings 

Table  2-14  indicates  the  flexibility  of  epoxy  emulsion  coatings 
listed  above. 

Table  2-14 


Flexibility  of  Epoxy  Emulsion  Coatings 


Coating 

Film 

Ambient 

High  Temp. 

Low  Temp. 

Number 

Thickness 

(mil)  Impact 

Impact 

Mandrel 

2.4-1 

2.4-4. 4 

60 

60 

fail  1  in. 

2.4-2 

2. 3-4.0 

60 

2 

fail  1  in. 

2.4-4 

1.0-1. 5 

10 

2 

fail  1  in. 

By  inspection  of  the  table,  incorporation  of  a  flexibilizing 

monomer  (number  1)  is  most  apparent  at  elevated  temperature.  Coating 

number  2.4-3  was  not  evaluated  for  flexibility  performance. 

IQ 

2.2.5  Polyurethane  Resins 

"Urethane"  is  a  common  term  for  the  general  structure  encompassing 
carbamic  acid  esters  (19).  Carbamic  acid  itself  (20)  is  unstable  and 

0 

II 

RNH-C-OR* 

19 


readily  decarboxyl ates  under  ambient  conditions  giving  rise  to  amines 

(21)  and  carbon  dioxide.  This  feature,  outlined  in  equation  12  is  the 

basis  of  polyurethane  foam  technology. 

_ s  (RNH-C0,H)  - 


RNH-COOR 

19 


H20 


20 


RNH2  +  R'OH  +  C02  (Eq.  12) 
21 


Urethane  polymers  are  prepared  in  step-growth  manner  by  the 
reaction  of  polyisocyanates  and  polyols  shown  in  equation  13. 
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Two  aqueous  polyurethane  dispersions  were  received  from  commercial 
manufacturers.  NeoRez  R960  (Polyvinyl  Chemical  Industries)  is  characterized 
as  an  anionic  dispersion.  This  characterization  gives  an  indication  that 
carboxylic  acid  functionality  is  incorporated  into  the  polymeric  backbone. 
NeoRez  R960  therefore  is  cured  by  the  carboxy-aziridine  mechanism. 

The  second  candidate  aqueous  polyurethane  dispersion  was  Hypol  WB  4000 
(U.R.  Grace  &  Co.).  Classification  as  a  cationic  dispersion  reveals  that 
amino-functionality  is  responsible  for  water-miscibility.  This  resin 
must  therefore  be  cured  by  the  epoxy-amine  mechanism. 

2. 2. 5.1  Physical  Properties  of  Aqueous  Polyurethane  Dispersions 
A  comparison  of  the  physical  properties  of  the  aqueous  urethane 
samples  is  given  in  Table  2-15.  The  two  distinguishing  features  are 
the  pH  and  the  dispersion  stabilization  charge.  Both  features  indicate 
the  need  for  individual  cross-linking  chemistry.  Each  resin  is  classified 
as  an  aliphatic  urethane  indicating  the  R  groups  in  structures  22  and 
23  to  be  saturated  hydrocarbon  radicals. 


Table  2-15 


Comparative  Properties 

of  Aqueous  Urethane  Dispersions 

NeoRez  R960 

Hypol  WB  4000 

Resin  solids,  percent 

34 

35 

pH 

8.0 

3.3 

Viscosity,  cps 

600 

100 

Density,  lbs/gal 

8.8 

9.6 

Dispersion  charge 

anionic 

cationic 

Resin  type 

aliphatic 

al iphatic 

Cross-1  inking  agent 

aziridine 

epoxy 

1 


2.2. 5.2  Performance  of  Aqueous  Polyurethane  Dispersions 

In  evaluating  state-of-the-art  resins,  the  initial  plan  was  to 
evaluate  the  resins  both  as  linear  polymers  and  as  network  structures. 

Since  it  has  already  been  demonstrated  that  the  polymer  backbone  plays 
a  significant  role  in  determining  solvent  resistance,  this  approach 
was  intended  to  rank  the  various  resin  classes  and  to  gain  an  appreciation 
of  which  resin  types  had  the  broadest  fluid  resistance  characteristics. 

In  the  case  of  the  polyurethane  resins,  Hypol  WB  4000  was  not  able 
to  be  evaluated  in  this  manner.  The  base  resin  does  not  form  a  dry 
film  after  seven  days  at  72°F  and  50  percent  humidity. 

Formulations  were  prepared  and  evaluated  for  fluid  resistance  and 
flexibility  according  to  specifications  outlined  in  the  award  contract. 
Table  2-16  outlines  the  resinous  features  of  the  coating  systems  evaluated. 


Table  2-16 

Aqueous  Polyurethane  Coatings 


Number 

Formulation 

Resin 

Cross-linker 

Film  Structure 

2.5-1 

2464-23 

R-960 

— 

linear 

2.5-2 

2464-24 

WB-4000 

— 

1  inear 

2.5-3 

2464-22 

WB-4000 

DER  732 

network 

2.5-4 

2464-39 

R-960 

CX  100 

network 

2.5-5 

2524-1 

R-960 

CX  100 

Z  6040* 

network 

*0ow  Corning  Corporation  Epoxy-silane 
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Coating  number  5  is  a  clear  coating  based  on  a  formulation 
recommended  by  Polyvinyl  Chemical  Industries.  It  incorporates  an 


epoxy  silane,  Z  6040  (24)  as  a  chemical  modifying  agent.  The  structure 
of  Z  6040  (24)  indicates  that  it  is  probably  incorporated  into  the 


K 

CH2-CHCH2OCH2CH2CH2Si(OCH3). 


24 


resin  to  enhance  cross-linking.  Alkoxy  silanes  (such  as  Z6040)  are 

32 

known  to  undergo  ambient  self  condensation.  This  technology  is  the 

20 

basis  of  window  sealing  rubber  cements. 

2.2. 5. 2.1  Fluid  Resistance  of  Urethane  Dispersions 

Table  2-17  summarizes  the  fluid  resistance  of  the  coatings  indicated 
in  Table  2-16.  All  values  are  in  pencil  hardness  units  according  to 
ASTM  D  3363-74. 


TABLE  2-17 

Fluid  Resistance  of  Aqueous  Urethane  Coatings 


Coating  . 
Number 

Film 

Thickness  (mil) 

Or  iginal 
Hardness 

Lubr icat ing 

Oil 

Hater 

Hydr aul ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarbon 

2.5-1 

0.8-2. 4 

B 

HB 

2B 

B 

<4B 

2B 

2.5-2 

0.9-1. 9 

FILM 

DOES  NOT 

DRY 

IN  S  E  V 

E  N  DAYS 

2.5-3 

1.9-4. 2 

B 

B 

2B 

2B 

<4B 

2B 

i.S-( 

0.9-2. 4 

B 

B 

2B 

HB 

<4B 

B 

2.5-5 

0.7-2. 6 

HB 

B 

<4B 

HB 

2B 

HB 
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While  no  system  meets  all  requirements ,  there  are  systems  which 
have  potential.  Coating  number  5  appears  to  have  the  greatest  overall 
resistance  while  surprisingly  being  the  most  susceptible  to  water.  Number 
3  appears  to  have  good  resistance  as  well  being  most  severely  attacked 
by  Skydrol  500B.  The  initial  hardness  of  3  appears  to  be  questionable 
(only  B,  but  this  is  believed  to  be  an  anomaly  attributed  to  film 
thickness.  Previous  experience  indicates  a  trend  that  thicker  films 
are  generally  one  pencil  hardness  unit  softer  than  thinner  films  of 
identical  resins). 

Table  2-18  summarizes  the  flexibility  of  the  coatings  listed  in 
Table  2-16.  These  results  indicate  good  flexibility  in  all  network 
systems  evaluated. 

Table  2-18 

Flexibility  of  Aqueous  Urethane  Coatings 


Coating 

Film 

Ambient 

High  Temp. 

Low  Temp. 

Number 

Thickness  (mil) 

Impact 

Impact 

Mandrel 

2.5-1 

0.8-2. 4 

60 

60 

failed  1  inch 

2.5-2 

0.9-1. 9 

FILM  DOES 

NOT  DRY  IN 

SEVEN  DAYS 

2.5-3 

1.9-4. 2 

60 

60 

passed  h  in. 

2.5-4 

0.9-2. 4 

60 

60 

passed  3/8  in. 

2.5-5 

0.7-2. 6 

60 

60 

passed  3/8  in. 

2.2.6  Butadiene  Elastomeric  Resins 

Resins  based  on  compound  1,3-butadiene  (25)  have  found  most 

ch2=ch-ch=ch2 

25 

general  industrial  use  in  applications  requiring  elasticity.  Perhaps 
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the  widest  industrial  use  for  these  resins  is  in  the  synthetic  rubber 
industry.  The  copolymerization  of  styrene  and  butadiene  in  emulsion 
form  made  a  historical  contribution  to  the  World  War  II  effort  in  the 
preparation  of  synthetic  rubber  for  tires.  Even  in  the  modern  world 
the  term  SBR  rubber  is  a  common  phrase. 

Since  the  styrene-butadiene  copolymer  is  largely  hydrocarbon  in 
nature,  acrylonitrile  is  frequently  used  to  add  some  polarity  to  the 
backbone.  This  effect  generally  results  in  increased  gasoline  resistance 
of  the  polymer. 

In  other  applications,  such  as  found  in  the  adhesives  industry, 
functional  acrylic  monomers  are  frequently  copolymerized  with  butadiene 
for  subsequent  crosslinking  reactions. 

From  the  foregoing  discussions,  one  can  readily  see  that  a  variety 
of  resins  based  on  butadiene  (25J  are  possible.  In  many  cases  these 
resins  are  supplied  in  latex  form  and,  as  such,  are  already  dispersed 
into  water. 

In  the  preparation  of  polymers  and  copolymers  by  emulsion 
polymerization,  a  small  amount  of  carboxylic  acid  functional  monomer 
is  generally  incorporated  to  aid  in  the  stability  of  the  emulsion. 

Since  the  exact  copolymeric  composition  of  the  resins  evaluated  was  not 
known,  it  was  assumed  that  some  carboxylic  acid  functionality  was  present. 

Once  again,  the  class  of  aziridine  resins  is  used  in  the  cross-linking 
of  carboxylic  acid  containing  polymers.  This  chemistry  has  been  referred 
to  frequently  in  this  report. 


2. 2. 6.1  Physical  Properties  of  Elastomeric  Latices 

A  comparison  of  latices  evaluated  is  given  in  Table  2-19.  All 
samples  were  received  from  the  B.F.  Goodrich  Chemical  Company. 


Table  2-19 


Comparative  Properties  of  Elastomeric  Resin  Latices 


Hycar 

Hycar 

Hycar 

Goodrite 

2600X84 

2600X106 

1577 

2570X5 

Resin  type 

acrylic 

acrylic 

nitrile 

styrene 

Solids,  percent 

50 

50 

41 

40 

pH 

6.0 

5.0 

10.3 

6.5 

Viscosity,  cps 

no 

60 

30 

15 

Specific  gravity 

1.07 

1.05 

1.01 

1.00 

Glass  Transition,  °C 

8 

29 

15 

-30 

Acid  Value*,  meq/g-sample 

0.05 

0.07 

— 

0.05 

*Determined  experimentally 


The  major  distinguishing  feature  among  the  resins  is  the  monomer 
composition  involved.  Hycar  resins  2600X84  and  2600X106  have  acrylic 
monomers  incorporated  into  the  backbone  structure;  Hycar  1577  is  a 
nitrile  containing  resin;  and  Goodrite  2570X5  is  a  styrene-butadiene 
resin. 

An  additional  major  distinction  is  the  second  order  glass  transition 
temperature  of  the  polymers.  An  approximate  range  of  60°  is  covered. 

Molecular  weights  were  not  reported,  but  since  these  are  latex 
samples,  the  molecular  weights  can  be  assumed  to  be  very  high. 

2. 2. 6. 2  Performance  of  Elastomeric  Resins 

As  in  previous  cases,  the  class  of  elastomeric  resins  was  evaluated 
both  as  linear  films  and  as  network  films.  The  aziridine  resin  used  to 
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produce  cross-linked  structures  was  XAMA-7  from  Cordova  Chemical  Company. 
Table  2-20  summarizes  the  resins  used  in  the  coatings  evaluated. 


Table  2-20 

Elastomeric  Latex  Coatings 

Cross- 


Number 

Formulation ■ 

Latex 

1  inker 

Film  Structure 

2.6-1 

2524-4 

Hycar  2600X84 

_ 

linear 

2.6-2 

2524-8 

Hycar  2600X106 

— 

linear 

2.6-3 

2524-20 

Hycar  1577 

— 

1  inear 

2.6-4 

2524-6 

Goodrite  2570X5 

— 

1  inear 

2.6-5 

2524-5 

Hycar  2600X84 

XAMA-7 

network 

2.6-6 

2524-9 

Hycar  2600X106 

XAMA-7 

network 

2.6-7 

2524-7 

Goodrite  2570X5 

XAMA-7 

network 

The  only  resin  not  evaluated  as  a  cross-linked  film  was  nitrile 
latex  1577.  Indications  were  that  no  carboxylic  acid  functionality 
was  present  in  this  latex,  therefore  aziridine  cross-linking  was  not 
possible. 

2. 2. 6. 2.1  Fluid  Resistance  of  Elastomeric  Latex  Coatings 

The  performance  of  elastomeric  lattices  evaluated  is  summarized 
in  Table  2-21 . 


TABLE  2-21 

fluid  Resistance  of  Elastomeric  Latex  Coatings 


Coating 

Number 

Film  Thick 
ness  (mil) 

Or  iginal 
Hardness 

Lubricating 

Oil 

Water 

Hydraul  ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarbon 

2.6-1 

1.7-2. 6 

4B 

<4B 

_ _  « 

<4B 

nrrv  sptpd 

3B 

seven  days — 

DF® 

<4B 

2.6-2 

2.6-3 

1.2-2. 9 

2B 

<4B  LAb 

•  innu  m  »  r  u  v  a  eumPD  CPtrCU  nA  VC. 

wbvbli  l/n  a  w 

<4B 

DF* 

<4B 

2.6- 4 

2.6- 5 

2. 1-2. 9 

3B 

VbKX  ftribh 

<4B 

<4B 

<4B 

<4B 

<4B 

2.6-6 

4. 1-4. 9 

3B 

<4B 

<4B 

3B 

<4B 

<4B 

2.6-7 

2. 0-2. 8 

B 

<4B 

<4B 

<4B 

<4B 

<4B 

a.  Film  was  d issolvad  by  fluid?  b.  Fils  remained  in  tact  but  was  removed  from  panel  - 
adhesion  failure. 


As  is  readily  apparent  from  data  presented  in  Table  2-21  the 
class  of  elastomeric  latex  resins  has  very  little  fluid  resistance 
capabilities.  The  fact  that  even  the  so  called  "network  films"  show 
very  little  resistance  is  an  indication  that  the  assumption  of  carboxylic 
acid  functionality  may  be  invalid.  These  films  do  not  at  all  perform 
like  cross-linked  high  molecular  weight  resins. 

Two  of  the  samples  were  not  able  to  be  tested  as  they  appeared 
to  be  soft  and  tacky  after  the  allowed  seven  day  drying  time. 

2. 2. 6. 2. 2  Flexibility  of  Elastomeric  Latex  Coatings 

The  flexibility  of  the  coatings  listed  in  Table  2-20  is  summarized 
in  Table  2-22. 

Table  2-22 

Flexibility  of  Elastomeric  Latex  Coatings 


Coating  Film 

Number  Thickness  (mil) 

2.6- 1  1.7-2. 6 

2.6- 2  - 

2.6-3  1.2-2. 9 


Ambient 

Impact 


High  Temp. 
Impact 


40  60 

-TACKY  AFTER  SEVEN  DAYS 
1  0.5 


Low  Temp. 
Mandrel 

fail  1  in. 


adhesion  loss 


2.6-4 

- VERY  TACKY  AFTER 

SEVEN  DAYS- 

— 

2.6-5 

2. 1-2.9 

60 

60 

fail 

1 

in. 

2.6-6 

4. 1-4. 9 

60 

1 

fail 

1 

in. 

2.6-7 

2. 0-2. 3 

60 

60 

fail 

1 

in. 
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The  results  indicated  in  the  above  table  reveal  some  potential 
for  enhanced  flexibility.  This  may  suggest  flexibility  modifiers 
for  resins  which  have  good  fluid  resistance  but  poor  flexibility.  One 
must  bear  in  mind  however,  that  the  blended  samples  must  be  compatible. 
These  anionically  stabilized  elastomeric  latices  could  not  be  blended 
with  dispersions  stabilized  cationically.  Mutual  flocculation  would 
be  anticipated  in  this  case. 

2.2.7  Polyester/Alkyd  Resins 

Polyesters  represent  a  class  of  resins  prepared  by  step-growth 
polycondensation  of  polyols  and  polybasic  acids  or  esters  as  outlined 
in  equation  14. 

HO-R-OH  +  R"00C-R‘  -C00R" - »  R^0H+R"0  -(0C-R'  -CO-ORO^OC-R'  -COOR"  (Eq.  14) 

Alkyd  resins  represent  a  branch  of  the  class  of  polyesters  specially 

adapted  for  the  needs  of  the  chemical  coatings  industry.  Since  the 

class  of  polyester  resins  does  not  produce  dry  films,  modification  of 

this  class  was  developed  for  coatings  purposes.  The  modification 

consisted  of  incorporation  of  drying  oils,  and  this  feature  distinguishes 

21 

alkyds  from  polyesters. 

In  terms  of  synthesis,  alkyds  begin  with  a  transesterification 
reaction  of  an  oil,  such  as  linseed  (26),  with  a  polyol  such  as  tri- 
methylol propane  ( 27J .  This  reaction  (equation  15)  produces  a  mixture 
of  polyols  (part  of  which  now  contain  drying  oils),  which  is  then  subjected 
to  a  conventional  polycondensation  with  polybasic  acids  and/or  esters. 


ch2-oco-c17h33 

CH-OCO-C17H3j  ♦ 

L2-oco-c17h29 

26 


CH3CH2  C(CH20H)3 

27 


CH,-0H 

I  i 

->  CH-OCOC17H31  + 

ch2oh 
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CH-OH 

I  Z 

CH3CH2C-CH2OCOC 

ch2oh 


17H33 


(Eq.  15) 


i. 


Dispersing  alkyds  and  polyesters  into  water  begins  with  the 
design  of  the  original  polymer.  The  reaction  must  be  controlled  to 
produce  a  polymer  rich  in  carboxylic  acid  functionality.  This  is 
usually  accomplished  through  stoichiometry  or  reaction  process  conditions. 
Neutralization  of  the  polymer  with  base  produces  a  water  dispersible 
polyelectrolyte  as  discussed  previously  in  section  1.1. 

As  stated  earlier,  polyesters  do  not  form  dry  films.  In  order 
to  be  useful  in  coatings,  these  resins  must  be  cross-linked.  The  only 
functionality  available  for  cross-linking  chemistry  is  the  carboxylic  acid. 
And,  as  before,  the  cross-linking  agents  most  useful  for  ambient 
cross-linking  of  carboxylic  acids  are  the  aziridine  resins. 

Alkyds  on  the  other  hand,  have  functionality  alternate  to  the 
carboxylic  acid.  Drying  oils  present  in  the  alkyd  backbone  allow  for 

22 

curing  by  atmospheric  oxygen.  The  phenomenon  is  outlined  as  follows: 

(JOH  0* 

(3>-CH=CH-CH2-R  +  02  - >(P>CH=CH-CH-R  ■  dri^rS>(P)CH=CH-CH2R  +  ‘OH 

Atmospheric  oxygen  adds  to  the  carbon  atom  adjacent  to  the  double 
bonds  found  in  a  drying  oil.  This  addition  produces  a  hydroperoxide 
molecule.  The  hydroperoxide  slowly  decomposes,  but  this  decomposition  can 
be  accelerated  by  addition  of  complexes  of  cobalt,  manganese,  and 
zirconium  known  as  metallic  driers.  The  decomposition  produces  hydroxyl 
free  radicals  which  initiate  cross-linking  through  the  pendant  double  bonds. 

Since  carboxylic  acid  functionality  is  also  present  in  alkyds 
to  make  them  water-dispersible,  alkyds  can  be  cross-linked  with  aziridines 
as  well  as  oxidatively  (with  driers). 
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2.2. 7.1  Physical  Properties  of  Aqueous  Polyester/Al kyd  Dispersions 
Samples  of  water  reducible  air  dry  and  forced  air  drying  alkyds 
and  polyesters  were  received  from  Spencer-Kellogg  Corp.  (Kelsol  resins), 
IMC  Corp.  (Aquamac),  and  American  Cyanamid  (Cyplex).  A  comparison 
of  the  physical  properties  is  given  in  Table  2-23. 


• —  t .. 

.a  i.iS  Prop 

TABLE 

crties  of 

2 121 

Pol yester/Al kyd  Resins 

DcliCl 

Kelsol 

Aquae  ac 

Aquamac 

Aquamac 

Cyplex 

3902 _ 

3903 

1000 

1075 

1100 

1600 

Basin  type 

Alkyd 

A1  kyd 

Alkyd 

Alkyd 

Al  kyd 

Polyester 

Solids,  percent 

75 

75 

75 

70 

70 

75 

Solvent* 

BC:BA 

3C :  BA 

BC  :  BA 

BC  :  BA 

K  :  EE  :  BA  (  i) 

BC :  BA 

Viscosity  (Gardner-Holdt) 

26 

Z6 

Z5 

Z6 

24 

Z4 

Color  (Gardner) 

6 

5.5 

8 

8 

8 

8 

Acid  Value  meq/q  resin 

41 

43 

40 

55 

46 

44 

Density,  lbs/gal 

8.75 

8.47 

8.75 

8.75 

8.75 

8.9 

‘Solvent  codes:  BC=butyl  cellosolve; 

BA=  n-butyl  alcohol; 

BA ( i ) = isobutyl  alcohol; 
K=methyl  isobutyl  ketone; 
EE=  cellosolve 


As  can  be  seen  by  inspection  of  the  table,  the  samples  are  pretty 
much  the  same  in  physical  respects.  The  Kelsol  and  Aquamac  resins  are 
classified  as  alkyds  while  Cyplex  1600  is  classified  as  a  polyester  resin. 
2. 2. 7. 2  Performance  of  Aqueous  Polyester/Al kyd  Dispersions 

Since  polyesters  and  alkyds  are  not  expected  to  produce  hard  dry 
films,  linear  film  structures  were  not  evaluated.  Formulations  were 
thus  dependent  upon  the  individual  resin  used.  Alkyds  were  formulated 
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with  metal  driers  and  aziridine  resins  for  two  types  of  cross-linking 
chemistry.  The  fact  that  oxidative  curing  alone  does  not  produce  high 
performance  films  determined  the  need  for  an  additional  cure  mechanism. 
Cyplex  1600  as  a  polyester  was  cross-linked  with  aziridine  resins. 

Table  2-24  summarizes  the  resinous  features  of  the  polyester/al kyd 
coatings  evaluated. 


Table  2-24 

Aqueous  Polyester/Al kyu  Coatings 


Number 

Formulation 

Resin 

Metal  Drier 

Cross-linker 

2.7-1 

2464-53 

Kelso!  3902 

Co;  Mn 

XAMA-7 

2.7-2 

2464-54 

Kelsol  3903 

Co;  Mn 

XAMA-7 

2.7-3 

2464-60 

Cyplex  1600 

— 

XAMA-7 

2.7-4 

2464-61 

Aquamac  1000 

Co;  Mn 

XAMA-7 

2.7-5 

2464-62 

Aquamac  1075 

Co;  Mn 

XAMA-7 

2.7-6 

2464-64 

Aquamac  1100 

Co;  Mn 

XAMA-7 

Two  types  of  metallic  driers  were  used  with  alkyd  resins.  Cobalt 
complexes  are  known  to  produce  rapid  surface  curing  resulting  in  fast 

set  to  touch  times.  Manganese  driers  are  used  to  promote  "through 
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cure"  of  layers  below  the  surface.  All  resins  were  formulated  with 
XAMA-7  to  bond  the  water  sensitive  carboxylic  acid. 

2. 2. 7. 2.1  Fluid  Resistance  of  Aqueous  Polyester/Al kyd  Coatings 

Table  2-25  summarizes  the  performance  of  the  polyesters  and  alkyds 
under  the  influence  of  various  fluids. 


TABLE  2-25 

Fluid  Resistance  of  Aqueous  Polyester/Al kyd  Coatings 


Coating 

Number 

Film 

Tnickness  (mil) 

Original 

Hardness 

Lubr icat ing 
Oil 

Water 

Hydraul ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarbon 

2.7-1 

3. 2-3. 7 

B 

B 

3B 

2B 

<4B 

3B 

2.7-2 

2. 5-3. 2 

3B 

3B 

<4B 

2B 

<4B 

<4B 

2.7-3 

0. 6-1.1 

<4B 

<4B 

<4B 

<4B 

<4B 

<4B 

2.7-4 

1.8-2. 8 

3B 

2B 

<4B 

3B 

<4B 

<4B 

2.7-5 

1.8-2. 7 

B 

HB 

<4B 

2B 

<4B 

2B 

2.7-6 

0.9-1. 6 

HB 

HB 

% 

HB 

<4B 

2b 

As  a  class,  aqueous  polyester  and  alkyd  resins  do  not  appear  to  offer 
much  potential  for  applications  requiring  high  performance.  All  samples 
evaluated  were  severely  attacked  by  water.  Among  the  class,  Aquamac  1100 
has  the  greatest  overall  resistance. 

2. 2. 7. 2. 2  Flexibility  of  Aqueous  Polyester/Al kyd  Coatings 

Table  2-26  lists  the  flexibility  of  the  polyester  and  alkyds 
tested. 


Table  2-26 

Flexibility  of  Aqueous  Polyester/Al kyd  Coatings 


Coating 

Number 

Film 

Thickness  (mil) 

Ambient 

Impact 

High  Temp. 
Impact 

Low  Temp. 
Mandrel 

2.7-1 

3. 2-3. 7 

60 

60 

fail  1  in. 

2.7-2 

2. 5-3. 2 

60 

60 

fail  1  in. 

2.7-3 

0. 6-1.1 

60 

60 

fail  1  in. 

2.7-4 

1.8-2. 8 

60 

60 

fail  1  in. 

2.7-5 

1.8-2. 7 

40 

60 

fail  1  in. 

2.7-6 

0.9-1. 6 

<0.5 

2 

fail  1  in. 
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The  table  indicates  generally  good  impact  flexibility  with  poor 


low  temperature  flexibility.  Among  the  class,  Aquamac  1100  is  the 
least  flexible.  This  appears  to  be  in  agreement  with  fluid  resistance 
results  which  indicate  this  resin  to  be  the  most  chemical ly  resistant. 
2.2.8  Poly(vinyl  chloride)  Latex  Resins 

Polymers  based  on  chloroethylene  (vinyl  chloride)  and  1,1- 

dichloroethylene  (vinyl idene  chloride)  have  found  wide  industrial 

use  due  to  toughness  and  general  insolubility.  Perhaps  the  most 

widely  known  use  for  poly(vinyl  chloride),  PVC,  is  in  the  plastics 

industry  for  extruded  pipe  applications.  Other  uses  include  coatings 

for  fabric  such  as  rain  wear  and  upholstery,  coatings  for  paper,  vinyl 
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films  and  even  phonograph  records. 

Plastisols  and  organosols  incorporate  vinyl  chloride  latices  into 
plasticizers  or  volatile  organic  liquids.  These  materials  have  found 
use  in  the  metal  coatings  industry. 

Polymerization  is  usually  initiated  by  free  radical  mechanisms, 
but  due  to  polymer  stability  and  solubility  problems,  low  temperature 
suspension  methods  are  more  common  than  solution  polymerizations.  This 
fact  makes  vinyl  chloride  resins  particularly  suitable  to  water  based 
systems  as  latices  prepared  by  emulsion  polymerization. 

Of  the  samples  received,  only  one  was  adaptable  to  ambient  cross- 
linking  chemistry.  This  particular  sample  was  a  carboxy  modified  vinyl 
chloride  latex  and  was  cross-linked  with  aziridine  resins. 

2. 2. 8.1  Physical  Properties 

A  comparison  of  the  physical  properties  of  the  vinyl  chloride 
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latices  submitted  by  the  B.F.  Goodrich  Chemical  Company  is  given  in 
Table  2-27. 


Table  2-27 


Comparative  Properties  of  Poly(viny1  chloride)  Latices 


Resin  type* 

Solids,  percent 
pH 

Viscosity,  cps 
Density,  (lbs/gal) 

Glass  Transition,  (°C) 
Acid  value,  meq/g-sample 


Geon 

Geon 

Geon 

652 

460X1 

450X20 

V:VV 

V:Ac 

V:  VV:  Ac 

52 

48 

54 

6.0 

4.5 

2.5 

12 

200 

200 

10.5 

9.3 

9.4 

15 

25 

— 

— 

— 

0.114 

*Resin  code:  V=vinyl  chloride;  VV=vinyl idene  chloride;  Ac=acrylic 

Geon  resin  450X20  is  a  carboxy  modified  copolymer  of  vinyl  chloride, 
vinyl idene  chloride  and  acrylic  monomers.  This  was  the  only  member  of 
the  class  adaptable  for  cross-linking  under  ambient  conditions.  Resin 
460X1  is  designated  as  a  self-crosslinking  resin  which  is  heat  activated. 
Literature  indicates  low  temperature  curing  at  200°F-250°F.  This,  of 
course,  is  not  acceptable  for  the  intended  application. 

2. 2. 8. 2  Physical  Performance  of  Poly(vinyl  chloride)  Latex  Coatings 

Table  2-28  summarizes  the  resins  used  in  coatings  formulated  from 
the  vinyl  chloride  latex  samples  received. 


Table  2-28 

Po1.y(vin.y1  chloride)  Latex  Coatings 


Number 

Formulation 

Resin 

Cross-1  inker 

Film  Structure 

2.8-1 

2.8-2 

2.8-3 

2524-19 

2524-21 

2524-22 

Geon  652 

Geon  460X1 

Geon  450X20 

XAMA-7 

1  inear 
linear 
network 
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2. 2. 8. 2.1  Fluid  Resistance  of  Poly (vinyl  chloride)  Latex  Coatings 

Table  2-29  summarizes  the  fluid  resistance  of  vinyl  chloride  latex 
coatings  evaluated. 


TABLE  2-29 


Fluid  Resistance  of  Polylvinyl  chloride)  Latex  Coatings 


Coating 

Number 

Film 

Thickness  (mil) 

Or ig inal 
Hardness 

Lubricating 

Oil 

Water 

Hydraul ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarboi 

2.8-1 

0.8-2. 6 

HB 

DFa 

<4B 

HB 

DFa 

<4B 

2.8-2 

1.1-2. 8 

HB 

<4B 

<4B 

HB 

DP® 

<4B 

2.8-3 

1.5-4. 6 

2B 

<4B 

<4B 

<4B 

LAb 

<4B 

a.  Completely  dissolved  film 

j  i>.  Film 

remained  in 

tact  but 

was  removed  from 

panel-adhesion  loss. 

Data  presented  in  the  table  indicate  that  the  class  of  vinyl  chloric 
latex  resins  would  not  be  a  candidate  for  a  high  performance  film  applica¬ 
tion.  While  the  linear  resins  appear  to  have  good  initial  hardness,  they 
are  severely  attacked  by  almost  all  fluids.  There  appears  to  be  a  need 
for  additional  cross-linking  and  this  will  require  the  development  of 
chemistry  adaptable  to  ambient  reaction. 

The  sole  network  resin  appears  to  have  the  poorest  resistance. 

One  must  recall  that  this  is  a  vinyl  chloride/acrylic  copolymt,  and 
will  not  display  the  same  resistance  expected  of  a  vinyl  chloride 
homopolymer. 

2. 2. 8. 2. 2  Flexibility  of  Poly  (vinyl  chloride)  Latex  Coatings 
The  flexibility  of  the  three  vinyl  chloride  latex  coatings 
evaluated  is  detailed  in  Table  2-30. 
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Table  2-30 


Flexibility  of  Pol.y  (vinyl  chloride)  Latex  Coatings 


Coating 

Number 

Film 

Thickness (mil ) 

Ambient 

Impact 

High  Temp. 
Impact 

Low  Temp. 
Mandrel 

2.8-1 

0.8-2. 6 

60 

60 

fail  1  in. 

2.8-2 

1. 1-2.8 

60 

60 

fail  1  in. 

2.8-3 

1.5-4. 6 

60 

60 

fail  1  in. 

Results  from  the  table  indicate  no  difference  in  flexibility  among 
the  samples  evaluated.  All  have  good  reverse  impact  flexibility  and 
poor  low  temperature  flexibility. 

2.2.9  Comparative  Summary  of  Overall  Performance 

The  original  goal  of  developing  a  workable  high  performance 
aircraft  coating  had  not  been  achieved  as  phase  one  ended.  However,  the 
alternate  goal  of  gaining  an  appreciation  of  physical  performance  as  a 
function  of  chemical  structure  was  realized.  A  comparison  of  overall 
performance  of  all  the  submitted  samples  will  be  instructive. 

Performance  of  the  various  resins  for  fluid  resistance  and  flexibility 
will  be  related  in  graphical  form.  Since  each  resin  class  consisted  of 
a  number  of  members,  the  performance  of  the  class  will  be  an  average  of  the 
performance  of  each  individual  member. 

With  this  in  mind  this  summary  is  presented  only  as  a  very  broad 
overview.  Each  of  the  resins  tested  have  individual  merit  which  is 
presented  in  detail  in  tabular  form.  This  graphical  overview  is  in  no 
way  intended  to  discredit  any  individual  resin  nor  an  entire  class  of  resins. 
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2. 2. 9.1  Comparative  Fluid  Resistance  of  Resin  Classes 

Since  fluid  resistance  was  evaluated  in  terms  of  pencil  hardness, 
the  graphical  summary  will  relate  pencil  hardness  to  the  test  fluid. 

A  histogram  plot  is  most  practical  as  there  are  no  apparent  relationships 
among  the  fluids.  Each  resin  family  tested  will  be  assigned  a  graphical 
code  and  plotted  within  the  area  corresponding  to  the  test  fluid.  BOvh 
linear  film  structures  and  network  film  structures  will  be  presented  in 
separate  diagrams. 

Averages  will  be  calculated  according  to  the  following  rating  scheme 
Pencil  Hardness:  F  HB  B  2B  3B  4B  <4B  dissolved 

Rating:  6543  21  0.5  0 

Figure  1  is  a  summary  of  the  average  resistance  to  the  indicated 
fluids.  The  films  tested  were  non-crossl inked.  Not  all  classes 
available  were  tested  as  linear  films.  The  class  of  epoxy  emulsions 
and  the  class  of  polyester/al kyd  resins  were  evaluated  only  as  network, 
crosslinked  films. 
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ACRYLIC  SOLUTION 

LATEX  URETHANE  ACRYLIC  ELASTOMER  PVC  LATEX 

i  i  i  i  g 


ORIGINAL  LUBE  HYDRAULIC  SKYDROL  TYPE  III 

HARDNESS  OIL  WATER  FLUID  5B0  B  HYDROCARBON 


As  the  figure  indicates,  the  resins  displaying  the  greatest 
overall  fluid  resistance  were  the  aqueous  urethane  dispersions.  All 
resins  were  attacked  most  severely  by  Skydrol  500B. 

As  can  be  anticipated,  water  also  severely  attacks  these  aqueous 
resins.  Since  the  resins  have  not  been  crosslinked,  the  functionality 
which  produces  water  dispersibility  remains  in  tact.  This  accounts  for 
the  susceptibility  to  attack  by  water. 

Figure  2  depicts  the  average  fluid  resistance  of  the  resins  when 
evaluated  as  structures  which  were  cross-linked  with  appropriate  reactants. 


Figure  2  indicates  a  general  increase  in  fluid  resistance  upon 
cross-linking.  Resistance  to  Skydrol  500B  still  falls  short  of  that 
required.  The  improvement  in  water  resistance  is  most  dramatic  but 
still  less  than  required. 

2. 2. 9. 2  Comparative  Impact  Flexibility  of  Resin  Classes 

Impact  flexibility  of  the  various  resin  classes  was  evaluated 
at  ambient  temperature  and  at  elevated  temperature  in  which  the  coated 
substrate  was  heated  to  300°F  (149°C)  for  4  hours.  Flexibility  is 
expressed  in  percent  elongation  as  determined  on  a  G.E.  Model  impact 
tester. 

Once  again,  performance  is  displayed  diagramatically  using  histogram 
plots.  Elongation  values  represent  the  average  of  all  class  members 
tested.  Calculations  were  based  on  the  following  rating  scheme: 

Percent  elongation:  60  40  20  10  5  2  1  0.5  <0.5 

Rating:  87654321  0 

Figure  3  is  a  summary  of  the  average  flexibility  of  linear  films. 

Figure  4  represents  the  average  impact  flexibility  of  the  network 
films. 
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ACRYLIC  EPOXY  SOLUTION  ESTER  PVC 

LATEX  URETHANE  EMULSION  ACRYLIC  ELASTOMER  ALKYD  LATEX 


.  3.  Average  Impact  flexibility  of  Fig.  A.  Average  Impact  flexibility  of 

-cross! inked  water-borne  resins  crossl inked  water-borne  resins 


2.3  Pigmented  Film  Evaluations  -  Phase  Two 


Phase  one  of  the  approach  to  develop  a  water-based  polymer  capable 
of  meeting  the  established  high  performance  criteria  was  designed  to 
rank  the  various  resins  based  on  clear-film  performance.  This  inter¬ 
mediate  goal  was  accomplished  and  a  number  of  resins  were  identified 
as  displaying  near  acceptable  performance. 

Phase  two  of  the  approach  proposed  pigmentation  of  the  selected 
resins.  The  intent  of  the  second  phase  is  to  serve  a  dual  purpose. 

A  successful  coating  may  be  attained  merely  by  pigmenting  one  of  the 
commercially  available  resins.  However,  in  the  event  that  this  goal 
is  not  achieved,  the  second  phase  can  provide  useful  information  for 
the  subsequent  phase  which  proposes  synthesis  of  unique  resin  systems. 
This  information  will  consist  of  the  effect  of  pigmentation  on  the 
performance  of  the  various  resin  classes.  The  combined  information 
available  from  phases  one  and  two  would  then  assist  in  the  design  of 
a  theoretical  resin  system  capable  of  displaying  high  performance. 

2.3.1  Resin  Identification  and  Characterization 

The  resins  identified  as  having  near  acceptable  clear-film 
performance  were:  Hypo!  WB  4000  (W.R.  Grace)  and  NeoRez  R960 
(Polyvinyl  Chemical)  aqueous  polyurethane  dispersions;  Carboset  514 
(B.F.  Goodrich)  and  Amsco  Res  200  (Union  Chemicals)  aqueous  acrylic 
solution  polymers;  and  Aquamac  1100  (IMC)  water-reducible  alkyd. 

In  attempting  to  design  a  theoretical  polymer  from  existing  resins 


information  about  these  resins,  complementary  to  that  available  in 


I 
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the  manufacturer's  literature,  is  required.  The  selected  resins  were 
thus  subjected  to  analytical  characterization.  This  study  was  intended 
to  provide  only  the  broadest  type  information  and  not  to  reveal  anything 
of  a  proprietary  nature. 

Since  the  samples  are  carried  in  aqueous  medium,  isolation  of  the 

polymer  must  be  accomplished  before  analytical  characterization  can  be 

attempted.  Dispersion  type  determines  the  isolation  technique  used. 

Solutions  are  usually  precipitated  by  addition  of  a  non-solvent  for  the 

polymer.  Dispersions  are  destablized  by  neutralization  of  the  electrical 

charges  enabling  suspension  of  the  polymer.  Emulsion  are  coagulated 

by  pH  changes  or  by  addition  of  electrolyte. 

Once  isolated,  the  polymers  were  submitted  for  determination  of 

glass  transition  temperature,  spectroscopic  identification  of  monomers, 

and  approximate  molecular  weight  by  gel  permeation  chromatography  (GPC). 

A  technique  finding  increased  use  in  polymer  technology,  GPC  approximates 
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molecular  weight  of  a  polymer  in  solution.  The  technique  is  approximate 
because  the  volume  occupied  is  dependent  upon  the  interaction  between 
the  solvent  and  polymer.  Furthermore,  calibration  is  based  on  poly¬ 
styrene)  samples  of  known  molecular  weight  and  distribution.  These 
may  not  behave  similar  to  the  polymer  in  question.  For  these  reasons, 

GPC  results  are  reported  only  in  the  broadest  general  terms. 

2. 3. 1.1  Aqueous  Polyurethane  Dispersions 

Two  types  of  aqueous  urethane  dispersions  were  available  for 
evaluation.  NeoRez  R960  (Polyvinyl  Chemical)  is  dispersed  into  water 
by  neutralization  of  pendant  carboxylic  acid  functionality  with  volatile 


organic  bases.  This  action  renders  stabilization  by  negative  charges 
attributed  to  the  carboxylate  anion.  Consequently,  isolation  is 
accomplished  by  neutralization  of  the  carboxylate  anion  with  dilute 
acetic  acid. 

The  isolated  polymer  was  found  to  be  insoluble  in  a  wide  variety 
of  solvents.  Since  spectroscopic  identification  and  GPC  require 
solubility,  the  isolated  polymer  could  not  be  characterized.  Attempts 
at  characterization  by  hydrolysis  into  component  monomers  were  unsuccessful. 

Hypol  WB  4000  is  a  urethane  polymer  dispersed  into  water  by 
acidification  of  pendant  amine  functionality  with  a  volatile  acid. 

The  dispersion  is  thus  stabilized  cationically  by  positive  charges 
associated  with  the  ammonium  ion.  Hypol  WB  4000  is  isolated  by 
dissipation  of  the  positive  charges  thru  the  addition  of  aqueous  ammonia. 

As  was  the  case  with  MeoRez  R960,  Hypol  WB  4000  was  found  to  be 
insoluble  upon  isolation.  Likewise  separation  of  components  after 
hydrolysis  was  unsuccessful. 

Thus  neither  urethane  polymer  could  be  submitted  for  analytical 
characterization. 

2. 3. 1.2  Aqueous  Acrylic  Solution  Polymers 

Two  acrylic  solution  polymers  displayed  near  acceptable  clear  film 
performance.  Amsco  Res  200  is  an  emulsion  which  is  converted  to  a 
solution  during  formulation.  Isolation  was  accomplished  by  coagulation 
with  a  small  amount  of  acetone,  followed  by  filtration  and  vacuum  drying 
at  low  temperature. 


Infrared  analysis  indicated  a  spectrum  closely  approximating  that 
of  poly(methyl  methacrylate).  A  weak  absorption  suggested  the  possibility 
of  a  small  amount  of  hydroxyl  functionality  potentially  attributed  to 
hydroxyethyl  acrylate  or  methacrylate  along  with  the  expected  carboxylic 
acid  functionality. 

Differential  scanning  calorimetry  (DSC)  indicated  an  endotherm 
corresponding  to  a  glass  transition  temperature  of  73°C  ±  2°C.  This 
Tg  is  consistent  with  a  polymer  containing  largely  methyl  methacrylate 
monomer  as  indicated  by  the  infrared  spectrum.  The  relationship  between 
Tg  of  a  copolymer  and  the  weight  relationships  of  its  monomeric  constitutents 
was  discussed  previously  in  section  2.2.2. 

Carboset  514  is  a  hazy  dispersion  of  an  acrylic  polymer  stabilized 
by  anionic  charges  pendant  to  the  backbone.  Isolation  is  accomplished 
by  acidification  with  dilute  acetic  acid  followed,  as  before,  by 
filtration  and  vacuum  drying.  The  infrared  specturm  indicated  a  mixture 
of  acrylics  probably  containing  ethyl  acrylate  and  methyl  methacrylate 
along  with  carboxylic  acid  functionality. 

DSC  indicates  a  Tg  of  15°C  +  2°C  which  again  is  consistent  with 
a  copolymer  containing  a  reasonable  amount  of  "plasticizing"  monomer 
such  as  ethyl  acrylate. 

2. 3. 1.3  Aqueous  Polyester  Alkyd  Resins 

As  indicated  in  section  2.2.7  of  this  report,  Aquamac  1100  is  an 
alkyd  resin  supplied  as  a  70  percent  solids  solution  in  a  mixture  of 
solvents.  The  polymer  was  precipitated  by  addition  of  mineral  spirits 
followed  by  filtration  and  vacuum  drying  to  remove  any  occluded  solvent. 


Infrared  spectroscopy  of  Aquamac  1100  suggested  a  polyester 
composed  of  ortho  phthalic  acid  and  a  diol  containing  a  large  number 
of  linear  carbon-carbon  bonds  such  as  hexanediol. 

The  Tg  of  this  alkyd  was  found  to  be  -2°C  +  2°C. 

2. 3. 1.4  Analytical  Comparison  of  Resins 

Table  2-31  presents  a  comparison  of  monomeric  constitutents  and 
glass  transition  temperatures  of  the  resins  analyzed. 

Table  2-31 


Comparative  Analysis  of  Hater-Borne  Polymers 


Resin 

Tg(°c) 

Monomers 

Amsco  Res  200 

73  +  2 

methyl  methacrylate,  hydroxyl  ethyl 

(meth)  acrylate 

Carboset  514 

15  +  2 

methyl  methacrylate,  ethyl  acrylate 

Aquamac  1100 

-2  +  2 

ortho  phthalic  acid,  hexanediol 

A  comparison  of  approximate  molecular  size  is  given  in  figure  5. 
The  actual  gel  permeation  chromatogram  of  each  resin  is  depicted  on 
the  same  printout  for  comparison  purposes. 
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The  chromatogram  indicates  that  Amsco  Res  200  is  largest  in 
size  of  the  three  resins  with  Carboset  514  being  the  next  largest 
and  Aquamac  1100  the  smallest.  This  ordering  is  consistent  with  the 
fact  that  addition  polymers  usually  proceed  to  higher  molecular 
weights  than  condensation  polymers.  The  figure  also  indicates  that 
Aquamac  1100  has  the  broadest  distribution  of  molecular  weights. 

Amsco  Res  200  appears  to  be  slightly  more  narrow  in  distribution  than 
Carboset  514. 

2.3.2  Pigmentation 

Paint  can  be  described  in  the  broadest  general  terms  as  a  hetero¬ 
geneous  mixture  of  pigment,  vehicle  and  thinner.  Each  component  of 
this  mixture  plays  a  significant  role  in  the  performance  of  the  paint. 

And  the  interactions  among  the  individual  components  sometimes  result 
in  synergistic  effects  which  make  paint  formulation  the  art  that  it  is. 
Pigment  is  the  term  applied  to  the  powdery  material  to  be  dispersed 

into  the  vehicle.  The  role  of  the  pigment  is  generally  accepted  to  be 
25  26 

two-fold.  ’  The  most  obvious  function  is  to  give  the  desired  color, 

hiding  properties,  and  other  optical  effects  to  the  film.  In  general, 

this  primary  pigment  function  is  to  decorate  and  obscure  the  underlying 

surface  to  which  the  paint  is  applied.  The  ability  of  a  paint  to  obscure 

the  substrate  is  termed  hiding  power  and  is  a  function  of  the  refractive 

27  28 

index  of  the  pigment  and  that  of  the  medium.  ’ 

The  second  principal  function  of  the  pigment  is  to  confer  increased 
hardness  and  durability  to  the  film.  Alternately,  this  function  serves 
in  the  protection  of  the  substrate  from  time  and  environmental  elements. 
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For  example,  pigments  are  critical  in  corrosion  protection  of  metal 
substrates. 


Pigments  exist  as  a  collection  of  discrete  solid  bodies  known 
as  particles.  The  shape,  size  and  crystallinity  of  these  particles 
give  the  pigment  its  characteristic  properties.  Being  insoluble 
materials,  they  must  be  mechanically  dispersed  into  the  vehicle  and 
solvent.  Dispersion  is  accomplished  as  molecules  of  the  liquid  medium 
become  physically  adsorbed  to  the  surface  of  the  particles.  A  number 
of  dispersion  methods  exist.  Some  methods,  such  as  pebble  milling,  result 
in  grinding  of  the  pigment  and,  consequently,  reduction  of  the  pigment 
particle  size.  Other  methods,  such  as  high  speed  dispersion,  do  not 
affect  the  particle  size. 

As  may  be  expected,  the  efficiency  and  degree  of  adsorption  of 
vehicle  on  the  pigment  surface  influences  the  performance  of  the 
resultant  film.  The  relative  amounts  of  pigment  and  binder  present  in 
a  paint  are  thus  important  in  predicting  physical  properties  to  be 
expected.  This  relationship  is  usually  expressed  in  volume  terms  and 
is  known  as  the  pigment  volume  concentration  (PVC). 

Expressed  as  a  percentage,  PVC  is  defined  by  equation  16: 
pigment  volume 

PVC  =  - X  100  (Eq.  16) 

pigment  volume  +  binder  solids  volume 

The  relationship  is  also  expressed  as  a  weight  ratio  of  pigment  to  binder 
(P/B): 


P/D  =  Pigment  weight 
Binder  weight 


(Eq.  17) 


T 


For  each  paint  there  exists  a  precise  concentration  at  which  all 
pigment  particles  are  covered  with  adsorbed  binder;  there  is  neither 
excess  vehicle  nor  excess  pigment.  Known  as  the  critical  pigment 

volume  concentration  (CPVC),  deviations  from  this  concentration 

29 

result  in  drastic  physical  performance  changes.  Consequently, 

knowledge  of  the  CPVC  for  an  individual  paint  is  significant.  A  number 

30 

of  experimental  techniques  for  CPVC  determination  have  been  reported. 

Since  the  ultimate  goal  of  the  contract  is  to  develop  a  water-borne 
system  capable  of  functioning  as  a  primer  and/or  topcoat,  pigmentation 
studies  were  initiated  at  the  onset  of  phase  two.  Pigmented  formulations 
resulting  in  primers  and  topcoats  will  be  discussed  in  the  following 
section. 

2. 3. 2.1  Primer  Formulations 

Corrosion,  the  result  of  electrochemical  reactions  with  the 
surrounding  medium,  annually  results  in  enormous  material  losses.  Thus, 
protection  from  corrosion  has  become  a  major  function  of  maintenance  coat¬ 
ings.  The  standard  practice  in  metal  protection  is  to  first  apply  a  coating 
specifically  formulated  to  protect  the  substrate  from  electrochemical 
attack.  This  coating  is  known  as  the  primer. 

For  years  the  most  widely  used  anti-corrosive  pigments  were  those 
based  on  tetravalent  lead.  More  recently,  the  toxicity  associated  with 
this  material  has  all  but  eliminated  its  use  in  the  trade  sales  markets. 

Many  primers  now  contain  chromate  ion  type  pigments. 
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The  recommended  PVC  for  aerospace  primers  is  reported  to  be  in 
the  range  of  20"^ .  This  transforms  to  a  P/B  of  roughly  1.  A  film 
thickness  of  0.6  to  0.9  mils  has  been  referred  to  in  MIL-P-23377C 
governing  the  primer  coating. 

2. 3. 2. 1.1  Aqueous  Polyurethane  Primer  Formulations 

Primer  formulations  of  the  two  aqueous  urethane  dispersions  with 
strontium  chromate  as  the  active  pigment  were  prepared.  Table  2-32 
presents  a  comparison  of  the  general  features  of  these  formulations. 
Since  clear  film  results  have  demonstrated  the  need  for  cross-linking, 
all  the  pigmented  formulations  were  designed  as  network  film  structures. 
The  table  also  includes  the  formulations  used  to  evaluate  the  clear 
films  of  these  resins. 


Table  2-32 


Aqueous  Polyurethane  Primer  Fomulations 


Number 

Formulation 

Resin 

Cross-1  inker 

P VC ( P/B ) 

3. 1.1-1 

2464-102 

NeoRez  R960 

CX  100;  Z6040 

24.3  (1.14) 

3. 1.1-2 

2464-103 

NeoRez  R960 

CX  100 

27.2  (1.32) 

2.5-4 

2464-39 

NeoRez  R960 

CX  100 

0 

2.5-5 

2524-1 

NeoRez  R960 

CX  100;  Z6040 

0 

3. 1.1-3 

2464-105 

WB  4000 

DER  732 

16.7  (0.67) 

3. 1.1-4 

2464-106 

WB  4000 

DER  732;  Z6040 

16.8  (0.68) 

2.5-3 

2464-22 

WB  4000 

DER  732 

0 

The  initial  formulation  of  NeoRez  R960  is  based  on  recommendations 
from  the  manufacturer  and  utilizes  Z6040  epoxy  silane  from  Dow  Corning 
Corporation.  This  has  been  referred  to  in  section  2.2.5.  An  additional 
formulation  of  NeoRez  without  the  epoxy  silane  was  designed  to  examine 
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the  effect  of  this  secondary  cross-linker. 


Formulations  of  Hypo!  WB  4000  with  and  without  the  silane  cross¬ 
linker  were  examined. 

Table  2-33  details  the  fluid  resistance  of  the  primer  formulations 
based  on  aqueous  polyurethane  dispersions.  The  performance  of  the 
analogous  clear  films  is  also  included  for  comparative  purposes. 


Table  2-38 

Fluid  Resistance  of  Aqueous  Polyurethane  Primers 


Coating 

Number 

Film 

Thickness(mi1 ) 

Original 

Hardness 

Lubricating 

Oil 

Wa  ter 

Hydraulic 

Fluid 

Skydrol 

500B 

Type  111 
Hydrocarbon 

3. 1.1-1 

0. 6-0.8 

HB 

HB 

<4B 

HB-F 

2B 

HB-B 

3. 1.1-2 

0.6-1. 0 

HB-F 

HB 

HB-B 

HB 

2B-3B 

HB-B 

2.5-4 

0.9-2. 4 

B 

8 

2B 

HB 

<4B 

B 

2.5-5 

0.7-2. 6 

HB 

B 

<4B 

HB 

2B 

HB 

3. 1.1-3 

0.5-0. 9 

4B 

<4B 

<*B 

<4B 

<4B 

<4B 

3. 1.1-4 

0.7-0. 9 

4B 

<48 

<48 

<4B 

<4B 

<4B 

2.5-3 

1.9-4. 2 

B 

B 

2B 

28 

<4B 

ZB 

Perhaps  the  most  dramatic  change  in  resin  performance  upon 
pigmentation  is  noted  in  the  case  of  Hypol  WB  4000.  Pigmentation 
appears  to  severely  affect  the  film  properties  of  this  resin.  Where¬ 
as  the  clear-film  has  reasonable  fluid  resistance,  the  addition  of 
pigment  results  in  severe  attack  by  all  test  fluids. 

Pigmentation  of  NeoRez  R960  appears  to  assist  the  performance 
of  this  resin  slightly.  Addition  of  the  silane  cross-linker  increases 
water  sensitivity.  This  effect  is  reproducible  in  both  clear-film  and 


? 


pigmented  film  formulations. 

Table  2-34  details  the  flexibility  of  the  aqueous  polyurethane 
primer  formulations. 


Table  2-34 

Flexibility  of  Aqueous  Polyurethane  Primers 


Coati ng 
Number 

Film 

Thickness(mil )  Gloss  (60u) 

Ambient 

Impact 

High  Temp. 
Impact 

Low  Temp. 
Mandrel 

3. 1.1-1 

0. 8-1.1 

8.8 

20 

60 

pass  3/8  in 

3. 1.1-2 

0. 8-1.0 

23.9 

60 

60 

pass  1  in. 

2.5-4 

0.9-2. 4 

N/A 

60 

60 

pass  3/8  in 

2.5-5 

0.7-2. 6 

N/A 

60 

60 

pass  3/8  in 

3. 1.1-3 

0. 6-1.1 

33.8 

60 

60 

pass  1  in. 

3. 1.1-4 

0. 6-1.1 

35.3 

40 

40 

pass  3/8  in 

2.5-3 

1.9-4. 2 

N/A 

60 

60 

pass  1/2  in 

As 

was  the  case 

with  clear  film 

performance, 

flexibility 

of  the 

pigmented  polyurethane  films  appears  to  be  outstanding  except  in  a  few 
isolated  cases. 

2. 3. 2. 1.2  Aqueous  Acrylic  Primer  Formulations 

Formulations  of  strontium  chromate  with  aqueous  acrylic  solution 
polymers  Carboset  514  and  Amsco  Res  200  have  been  designed.  Carboset 
514H  represents  a  high  solids  version  of  the  originally  evaluated 
Carboset  514.  The  polymers  are  identical  in  all  aspects;  only  the 
resin  concentration  of  the  dispersion  is  different. 
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Table  2-35  presents  a  general  comparison  of  these  formulations 
and  includes  the  clear-film  formulations  evaluated  in  phase  one. 


Table  2-35 

Aqueous  Acrylic  Primer  Formulations 


Number 

Formulation 

Res  i  n 

Cross-linker 

PVC(P/B) 

3. 1.2-1 

2464-86 

Carboset  514H 

XAMA-7 

17.5(0.74) 

2.3-10 

2464-50 

Carboset  514 

XAMA-7 

0 

3. 1.2-2 

2464-97 

Amsco  Res  200 

XAMA-7 

23.6(1.07) 

2.3-14 

2464-52 

Amsco  Res  200 

XAMA-7 

0 

All  formulations  are  intended  to  produce  network  structured  films 
using  the  identical  aziridine  resin,  XAflA-7,  in  stoichiometrical ly 
equivalent  amounts. 

Fluid  resistance  performance  of  the  primer  formulations  is 
listed  in  Table  2-36.  Fluid  resistance  of  the  same  acrylic  solution 
polymers  in  unpigmented  formul aticr.s  is  also  included. 

Table  2-36 

Fluid  Resistance  of  ftcrylic  Primer  Formulations 


:  1m 

h  i  r.kness(nt1 ! ) 

:  - 1 . 4 

Origi nal 
Hardness 

Lubricating 

Oil 

Water 

Hydraul ic 
Fluid 

Skydrol 

500B 

Type  III 
Hydrocarbon 

HB-F 

F 

<4B 

F-H 

•-4B 

ZB 

HB 

HB 

2B 

HB 

<4B 

3B 

F 

H 

4B-<4B 

F 

F 

HB-F 

(C 

F 

2B 

HB 

<4B 

HB 
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The  tabulated  results  indicate  improved  performance  for  both 
resins  with  pigmentation.  Improvement  in  Amsco  Res  200  is  more  pronounced 
than  with  Carboset  514.  Most  notably,  resistance  to  Skydrol  500B  is 
greatly  enhanced  by  pigmentation.  Moisture  resistance  in  the  case  of 
both  resins  has  been  decreased  upon  pigmentation.  This  phenomenon  may 
be  an  effect  of  the  solubility  of  chromate  ion  in  water.  In  both  cases, 
chromate  had  been  extracted  from  the  film  as  evidenced  by  a  coloration 
of  the  water  in  which  the  panels  were  immersed. 

Flexibility  of  the  acrylic  primers  is  indicated  in  Table  2-37. 


Table  2-37 


Flexibility  of  Aqueous  Acrylic  Primer  Formulations 


Coati ng 

Film 

Gloss  (60°) 

Ambient 

High  Temp. 

Low  Temp. 

Number 

Thickness(mil ) 

Impact 

Impact 

Mandrel 

3. 1.2-1 

0.9-1. 5 

24.5 

1 

2 

fail  1  in. 

2.3-10 

1. 4-2.0 

N/A 

60 

60 

pass  1  in. 

3. 1.2-2 

0.5-0. 9 

7.4 

1 

10 

fail  1  in. 

2.3-14 

1.4-1. 8 

N/A 

1 

0.5 

pass  1  in. 

As  is  evident  flexibility  is  generally  lacking.  The  extent  of  cross- 
linking  is  consistent  with  the  embrittlement  found.  The  effect  of 
flexibility  previously  found  in  the  clear  film  of  Carboset  514  was 
thought  to  be  anomal ous behavior. 

2. 3. 2. 1.3  Aqueous  Alkyd  Primer  Formulations 

Aquamac  1100  (IMC)  was  the  sole  member  of  the  class  of  alkyds 
and  polyesters  evaluated  which  seemed  to  display  near  acceptable  clear 
film  performance.  A  primer  formulation  of  this  resin  with  strontium 
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chromate  was  designed. 

Table  2-38  presents  the  general  features  of  the  formulation  and 
includes  the  clear-film  formulation.  The  primary  cross-linking  resin 
was  the  aziridine  XAMA-7.  However,  cobalt  and  manganese  metal  driers 
were  also  used  to  harden  the  cure. 

Table  2-38 

Aqueous  A1 kyd  Primer  Formulation 


Metal 


Number 

Formulation 

Resin 

Cross-1  inker 

Drier 

PVC ( P/B ) 

3. 1.3-1 

2464-114 

Aquamac  1100 

XAMA-7 

Co;Mn 

17.9(0.76) 

2.7-6 

2464-64 

Aquamac  1100 

XAMA-7 

Co;Mn 

0 

Fluid  resistance  of  this  primer  formulation  is  presented  in  Table 

2-3  9. 


Table  2-39 

Fluid  Resistance  of  Aqueous  Alkyd  Primer 


Coating 

Number 

Film 

Thickness(mil ) 

Original 

Hardness 

Lubricating 

Oil 

Water 

Hydraulic 

Fluid 

Skydrol 

600B 

Type  III 
Hydrocarbon 

3. 1.3-1 

0.5-0. 9 

F 

H 

<4B 

H 

<4B 

2B 

2.7-6 

0.9-1. 6 

HB 

HB 

2B 

HB 

<4B 

2B 

The  effect  of  increasing  moisture  sensitivity  upon  pigmentation 
is  apparent  in  the  case  of  alkyds  as  well  as  previously  noted  in  the 


case  of  acrylics.  The  film  is  -most  severely  attacked  by  water  and  Skydrol 
with  appreciable  softening  in  Type  III  hydrocarbon  as  well. 

Flexibility  of  the  alkyd  formulations  is  compared  in  Table  2-40. 
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Table  2-40 

Flexibility  of  Aqueous  Alkyd  Primer 


Coating 

Film 

Gloss  (60°) 

Ambient 

High  Temp. 

Low  Temp. 

Number 

Thickness(mil } 

Impact 

Impact 

Mandrel 

3. 1.3-1 

0.5-0. 7 

9.6 

0.5 

2 

fail  1  in, 

2.7-6 

0.9-1. 6 

N/A 

<C0. 5 

2 

fail  1  in 

Flexibility  of  the  alkyd  coatings  is  found  to  be  brittle  before 
and  after  pigmentation. 

2.3. 2. 2  Topcoat  Formulations 

Whereas  primer  coats  are  principally  intended  to  protect  the  substrate 
from  corrosive  attack,  pigments  employed  in  a  primer  formulation  usually 
impart  an  undesirable  color  to  the  substrate.  Pigments  based  on  tetra- 
valent  lead  are  red  and  those  based  on  chromate  ion  are  yellow.  Therefore, 
primers  are  not  intended  as  decorative  coatings. 

In  terms  of  marketability,  the  aesthetic  appearance  of  the  final 
product  becomes  of  considerable  importance.  For  this  reason,  decoration 

c° 

of  an  unsightly  primer  coating  is  an  essential  function  of  the  topcoat. 

In  addition  to  enhanced  durability,  the  topcoat  furnishes  the  desired 
optical  properties,  such  as  color  and  gloss,  to  the  finished  product. 

Pigments  used  in  topcoat  formulations  depend  upon  the  desired  color. 
Organic  materials  are  encountered  in  color  production.  In  the  case  of 
a  white  coating,  inorganic  oxides  such  as  zinc  and  titanium  are  most 
frequently  used. 

31 

The  preferred  PVC  for  aerospace  topcoats  has  been  reported  in 
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the  range  of  10  to  15.  A  film  thickness  of  2.0  mils  maximum  is  specified 
in  MIL-C-23286B  governing  the  solvent  based  topcoat. 

2. 3. 2. 2.1  Aqueous  Polyurethane  Topcoat  Formulations 


Topcoat  formulations  based  on  aqueous  polyurethane  dispersions 
Hypol  WB  4000  and  NeoRez  R960  were  designed  with  rutile  titanium  dioxide 
as  the  white  pigment.  Table  2-41  summarizes  the  pigmented  formulations 
and  also  references  the  formulations  used  in  clear-film  evaluations. 

Table  2-41 

Aqueous  Polyurethane  Topcoat  Formulations 


Number 

Formulation 

Resin 

Cross-linker 

PVC(P/B) 

3.2. 1-1 

2524-30 

R-960 

CX-100;  Z6040 

7.4(0.284) 

3. 2. 1-2 

2524-46 

R-960 

CX-100 

8.8(0.338) 

2.5-4 

2464-39 

R-960 

CX-100 

0 

2.5-5 

2524-1 

R-960 

CX-100;  Z6040 

0 

3. 2. 1-3 

2524-38 

WB  4000 

DER  732 

13.8(0.5) 

3. 2. 1-4 

2524-52A 

WB  4000 

DRH  151.2 

13.8(0.5) 

3. 2. 1-5 

2524-52B 

WB  4000 

CY - 1 79 

13.8(0.5) 

2.5-3 

2464-22 

WB  4000 

DER  732 

0 

The  table 

reveals  a  difference  in  cross 

-linking  agents  used. 

This 

difference  is 

the  result  of  distinctions  in 

dispersion  type  which 

i  affects 

the  mechanism 

of  cross-linking. 

Once  again 

NeoRez  R960  displays 

carboxy- 

aziridine  curing  while  Hypol  WB  4000  is  epoxy-amine  cross-linked. 

Since  the  primer  formulation  of  Hypo'  WB  4000  and  epoxy  DER  732  was 


yi . . jjfcgy SmaUr 
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severely  attacked  by  all  test  fluids,  a  lack  of  cross-linking  was 
believed  to  account  for  this  performance.  Alternate  types  of  epoxy 
cross-linkers  were  evaluated  in  topcoat  formulations  to  determine  if 
the  curative  was  affecting  performance.  The  cycloaliphatic  epoxy 
of  Ciba-Geigy  (CY-179)  and  the  hydrogenated  bisphenol  A  of  Shell 
(DRH  151.2)  were  examined  for  this  purpose. 

Two  formulations  of  NeoRez  R960  were  designed  to  examine 
the  effect  of  incorporating  Z6040  silane  as  an  added  cross-linker 
according  to  suggestions  by  the  manufacturer. 

Table  2-42  summarizes  the  fluid  resistance  of  topcoat  formulations 
based  on  aqueous  polyurethane  dispersions. 


Table  2-42 

Fluid  Resistance  of  Aqueous  Polyurethane  Topcoats 


Coating 

Number 

Film 

Thickness(mil ) 

Original 

Hardness 

Lubricating 

Oil 

Water 

Hydraulic 

Fluid 

Skydrol 

500B 

Type  ’’I 
Hydrocarbon 

3.2. 1-1 

0.9-2. 2 

HB 

HB 

HB 

HB 

2B 

HB 

3. 2. 1-2 

1.1-2. 5 

HB 

2B 

HB 

HB-B 

<4B 

3B-4B 

2.5-4 

0.9-2. 4 

B 

B 

2B 

HB 

<4B 

B 

2.5-5 

0. 7-2.6 

HB 

B 

<4B 

HB 

2B 

HB 

3. 2. 1-3 

0.5-0. 7 

<4B 

<4B 

<4B 

<4B 

<4B 

<4B 

3. 2. 1-4 

0.7-1. 5 

3B(HB) 

(B-2B) 

(<4B) 

(2B) 

(<4B) 

(B-2B) 

3. 2. 1-5 

0.7-1. 9 

<f4B(B) 

(3B-<4B) 

(<4B) 

(2B-3B) 

(3B) 

(2B) 

2.5-3 

1.9-4. 2 

B 

B 

2B 

2B 

<46 

2B 

Values  in  parenthesis  represent  coating  performance  after  60  minutes  bake  at  250°F 
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Coating  number  1  appears  to  meet  all  the  fluid  resistance 
requirements  except  Skydrol  and  even  here  fluid  attack  is  not  that 
severe.  Comparing  coatings  1  and  2,  the  use  of  the  epoxy  silane 
as  an  added  cross-linking  agent  appears  to  improve  performance 
markedly.  Previously,  this  reagent  had  been  found  to  enhance  Skydrol 
resistance  but  to  decrease  water  resistance.  This  effect  is  reproduced 
in  coatings  4  and  5  (the  clear-films).  However,  no  noticeable  water 
softening  is  displayed  in  the  pigmented  coating  (no.  1). 

Previous  coatings  based  on  polyurethane  Hypol  WB  4000  have  displayed 
relatively  soft  original  films.  This  was  shown  to  be  the  case  in 
clear-film  and  primer  formulations  and  is  reproduced  in  topcoat  formu¬ 
lations  (nos.  3. 2. 1-3,  -4,  and  -5).  Two  phenomena  may  be  responsible 
for  this  performance.  The  rate  of  the  epoxy-amine  cross-linking 
reaction  may  be  too  slow  under  ambient  conditions  or  the  pigment  may 
interfere  with  the  reactive  sites  through  formation  of  molecular 
associations  such  as  coordination  bonds  typically  displayed  by  transition 
metal  complexes. 

In  order  to  gain  insight  into  what  reasons  may  be  responsible  for 
this  lack  of  original  hardness,  two  coatings  were  given  thermal  treatment 
for  60  minutes  at  250°F.  This  bake  was  applied  after  the  coatings  were 
determined  to  be  too  soft  upon  drying  for  seven  days  at  ambient  temperature. 
Such  a  bake  would  be  expected  to  accelerate  the  cure  rate.  And  indeed 
the  coatings  (3. 2. 1-4  and  -5)  were  found  to  increase  in  hardness  upon 
baking.  However,  resistance  to  the  test  fluids  still  does  not  result 
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in  high  performance  characteristics. 

The  lack  of  fluid  resistance  in  amino -functional  resins  is 
believed  to  be  ascribed  to  a  combination  of  both  effects  listed  above 
i.e.  a  slow  cure  rate  under  ambient  conditions  and  interference  with 
optimum  curing  caused  by  the  presence  of  pigment. 

Flexibility  of  the  aqueous  polyurethane  topcoats  is  described 
in  Table  2-  43. 


Table  2-  43 


Flexibility  of  Aqueous  Polyurethane  Topcoats 


Coating  Film 

Number  Thickness (mil )  Gloss  (60°) 


3.2.1- 1 

1.1-2. 6 

86.9 

3. 2. 1-2 

1.4-2. 6 

58.9 

2.5-4 

0.9-2. 4 

N/A 

2.5-5 

0.7-2. 6 

N/A 

Ambient 

High  Temp. 

Low  Temp. 

Impact 

Impact 

Mandrel 

60 

60 

pass  1  in. 

60 

60 

pass  3/8  in. 

60 

60 

pass  3/8  in. 

60 

60 

pass  3/8  in. 

The  table  lists  only  those  coatings  displaying  reasonable  fluid 
resistance.  Those  formulations  given  the  thermal  treatment  referred  tp 
previously  were  not  evaluated  for  flexibility  as  these  would  not  constitute 
viable  coatings. 

Once  again,  the  flexibility  of  these  urethane  coatings  is  found 
to  be  outstanding. 

2. 3. 2. 2. 2  Aqueous  Acrylic  Topcoat  Formulations 

White  coatings  formulated  with  rutile  titanium  dioxide  and  aqueous 
acrylic  solution  polymers  Amsco  Res  200  and  Carboset  514H  were  prepared. 
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Table  2-44  summarizes  the  pigmentary  and  resinous  features  of  these 
formulations.  The  table  includes  formulations  employing  an  alternate 
aziridine  cross-linker,  XAMA-2,  to  determine  its  effect  on  performance. 
As  previously,  clear-film  formulations  are  included  for  comparative 
purposes. 


Table  2-44 

Aqueous  Acrylic  Topcoat  Formulations 


Number 

Formulation 

Resin 

Cross-1  inker 

PVC ( P/B ) 

3. 2. 2-1 

2524-24 

Carboset  51 4H 

XAMA-7 

12.4(0.5) 

3. 2. 2-2 

2524-56 

Carboset  51 4H 

XAMA-2 

12.4(0.5) 

2.3-10 

2464-50 

Carboset  514 

XAMA-7 

0 

3. 2. 2-3 

2524-26 

Amsco  Res  200 

XAMA-7 

12.7(0.5) 

3.2. 2-4 

2524-58 

Amsco  Res  200 

XAMA-2 

12.7(0.5) 

2.3-14 

2464-52 

Amsco  Res  200 

XAMA-7 

0 

Fluid 

resistance  of  thes 

e  formulations 

is  provided  in 

Table  2-45. 

Table  2-45 

Fluid  Resistance  of  Aqueous  Acrylic  Topcoats 


Coating 

Number 

Film  Original 

Thicknessfmil )  Hardness 

Lubricating 

Oil 

Water 

Hydraulic 

Fluid 

Skydrol 

500B 

Type  III 
Hydrocar be n 

3. 2. 2-1 

0.6-1. 5 

HB 

HB 

B 

B 

4B-<4B 

2B 

3. 2. 2-2 

0.9-1. 6 

HB-F 

F 

B-2B 

F 

<4B 

B-3B 

2.3-10 

1. 4-2.0 

HB 

HB 

2B 

HB 

<4B 

3B 

3. 2. 2-3 

1.1-1. 7 

H8-F 

H-2H 

B-HB 

HB 

HB 

HB-F 

3. 2. 2-4 

0.6-2. 0 

F 

2H 

B 

H 

H 

H 

2.3-14 

1.4-1. 8 

HB 

F 

2B 

HB 

<4B 

HB 
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The  results  indicate  an  improvement  in  performance  with  pigmentation. 
This  is  more  pronounced  in  the  Amsco  Res  formulations  (-3,  -4)  than  in 
the  Carboset  formulations  (-1,-2).  There  also  appears  to  be  a  slight 
improvement  in  performance  upon  formulation  with  XAMA-2.  Again,  this 
is  more  noticeable  with  Amsco  Res  (3. 2. 2-4). 

Flexibility  of  these  acrylic  topcoat  formulations  is  given  in 
Table  2-  46. 


Table  246 


Flexibility  of  Aqueous  Acrylic  Topcoats 


Coating 

Number 

Film 

Thickness(mil )  Gloss  (°60) 

Ambient 

Impact 

High  Temp. 
Impact 

Low  Temp. 
Mandrel 

3. 2. 2-1 

0.8-1. 4 

77.4 

0. 5-2.0 

2.0 

fail 

1 

in. 

3. 2. 2-2 

0. 9-2.0 

81.1 

2.0 

1. 0-2.0 

fail 

1 

in. 

2.3-10 

1. 4-2.0 

N/A 

60 

60 

pass 

1 

in. 

3. 2. 2-3 

1.5-2. 4 

56.0 

1.0 

2.0 

fail 

1 

in. 

3. 2. 2-4 

0.6-1. 7 

67.3 

2.0 

2.0 

fail 

1 

in. 

2.3-14 

1.4-1. 8 

N/A 

1.0 

0.5 

pass 

1 

in. 

Embrittlement  caused  by  cross-linking  is  found  to  occur  upon 
pigmentation.  As  explained  previously,  the  performance  of  the  Carboset 
cl  ear-film  is  believed  to  be  anomalous. 

2. 3. 2. 2. 3  Aqueous  Alkyd  Topcoat  Formulations 

White  formulations  of  aqueous  alkyd  Aquamac  1100  pigmented  with 
rutile  titanium  dioxide  were  prepared.  Table  2-47  presents  the 
features  of  this  formulation  and  also  lists  the  dear-film  formulation. 
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Table  2-47 


Aqueous  Alkyd  Topcoat  Formulation 

Metal 


Number 

Formulation 

Resin 

Cross-1  inker 

Drier 

PVC ( P/B ) 

3. 2. 3-1 

2524-48 

Aquamac  1100 

XAMA-7 

Co;Mn 

11.8(0.50) 

2.7-6 

2464-64 

Aquamac  1100 

XAMA-7 

Co;Mn 

0 

Fluid  resistance  of  this  formulation  is  detailed  in  Table  2-48. 


Table  2-48 

Fluid  Resistance  of  Aqueous  Alkyd  Topcoat 


Coating 

Number 

Film 

Thickness(mil ) 

Original 

Hardness 

Lubricating 

Oil 

Water 

Hydraul ic 
Fluid 

Skydrol 

5008 

Type  III 
Hydrocarbon 

3. 2. 3-1 

1. 1-2.5 

HB 

2B 

HB 

HB-B 

<48 

3B-4B 

2.7-6 

0.9-1. 6 

HB 

HB 

2B 

HB 

<4B 

2B 

Overall  fluid  resistance  is  not  acceptable  for  a  high  performance 
film.  Surprisingly,  however,  water  resistance  is  improved  upon  pigmentation. 

Table  2- 49 summarizes  the  flexibility  displayed  by  the  aqueous 
alkyd  topcoat. 


Table  249 


Flexibility  of  Aqueous  Alkyd  Topcoat 


Coating 

Number 

Film 

Thickness(mil )  Gloss  (60°) 

Ambient 

Impact 

High  Temp. 
Impact 

Low  Temp. 
Mandrel 

3.2. 3-1 

0.8-1. 9 

12.6 

1.0 

60 

fail  1  in. 

2.7-6 

0.9-1. 6 

N/A 

<0.5 

2 

fail  1  in. 
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The  results  indicate  the  lack  of  flexibility  at  ambient  or  below 


but  improved  flexibility  at  elevated  temperature. 

3.0  Experimental 

This  section  will  discuss  the  techniques  of  aluminum  test 
substrate  preparation  and  distribution.  Also  included  will  be  the 
material  compositions  of  the  clear-film  and  pigmented  film  formulations 
discussed  in  the  text. 

3.1  Aluminum  Substrate 

Two  types  of  aluminum  substrate  are  required  for  a  complete 
set  of  evaluations.  Alclad  2024-T3  and  Alclad  2024-TO  each  of  0.020 
inch  thickness  is  used. 

3.1.1  Substrate  Preparatio.  s 

The  substrate  is  initially  cut  into  9X9  inch  square  panels  for 
preparation  and  subsequent  application  and  testing.  A  complete  set 
of  evaluations  requires  3  panels  of  Alclad  2024-T3  and  4  panels  of 
Alclad  2024-T0. 

Two  of  the  Alclad  2024-T0  panels  are  then  immersed  for  2  minutes 
in  an  industrial  alkali  cleaning  bath  at  1 70- 1 80°F ,  rinsed  with  deionized 
water,  and  dried  by  ambient  evaporation. 

The  remaining  five  panels  are  given  the  identical  alkali  cleaning 
treatment.  This  is  then  followed  by  deoxiding  in  a  dilute  nitric  acid 
bath  for  2  minutes  and  a  deionized  water  rinse.  The  panels  are  then 
given  an  alodine  conversion  coating  by  immersion  in  a  bath  for  2  minutes, 
a  final  deionized  water  rinse,  and  ambient  evaporation  to  dryness. 
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.2 


lication  to  Substrate 


M 

The  test  coating  is  applied  by  air-pressurized  spray  atomization 
at  roughly  50  psi.  The  panels  are  suspended  in  a  spray  booth  and 
applied  using  a  Binks  #62  spray  gun  with  a  66-SD  air  cap,  66-S  fluid 
tip  and  365  needle.  This  requires  a  coating  viscosity  not  exceeding 
25  seconds  in  a  #2  Zahn  cup. 

The  coating  is  then  allowed  to  dry  in  a  constant  temperature 
and  humidity  room  maintained  at  72°F  and  50  percent  humidity. 

After  the  required  dry  time,  film  thicknesses  and  gloss  (where 
applicable)  are  recorded  on  each  panel.  The  panels  are  then  distributed 
for  testing. 

3.1.3  Substrate  Distribution  for  Evaluation 

Once  coated  and  dried,  the  panels  are  subjected  to  testing 
according  to  the  established  criteria.  These  criteria  can  be  classified 
into  three  test  types:  fluid  immersion,  low  temperature  flexibility, 
and  reverse  impact  flexibility.  The  coated  substrate  must  be  economically 
distributed  to  avoid  waste  and  still  allow  for  duplicate  testing.  The 
substrate  distribution  is  most  readily  accomplished  according  to  test 
type.  Figures  6,  7,  and  8  are  diagrams  of  the  substrate  distribution 
for  fluid  immersion  testing,  low  temperature  flexibility  testing  and 
reverse  impact  flexibility  testing,  respecti vely. 


Panel  1 


Panel  2 


Panel  3 


=  Salt  Spray  Panel 
=  100$  Relative  Humidity  Panel 
=  Retain  Panel  -  Original  Pencil  Hardness 
=  Lubricating  Oil  Immersion  Panel 
=  Water  Immersion  Panel 
=  Skydrol  500B  Immersion  Panel 
=  Hydraulic  Fluid  Immersion  Panel 
=  Type  III  Fluid  Immersion  Panel 

Aluminum  is  Alclad  2024-T3  Alodine  Treated 

Figure  6.  Substrate  distribution  for  fluid  immersion  tests 


A  =  Low  Temperature  Flexibility  -  3/8  inch  Mandrel 
B  =  Low  Temperature  Flexibility  -  1/2  inch  Mandrel 
C  =  Low  Temperature  Flexibility  -  1  inch  Mandrel 

Aluminum  is  Alclad  2024-TO  No  alodine  treatment 


Figure  7.  Substrate  dist-ibution  for  Tow  temperature  flexibility 


-85- 


Panel 

6 

O 

A 

B 

C 

Panel  7 


o 

A 

B 

C 

2  8/4" 
< - : — » 

8" 

4 - - - > 

A  =  Room  Temperature  Impact 
B  =  Weatherometer  Panel 
C  =  High  Temperature  Impact 

Aluminum  is  Alclad  2024-T0  Alodine  Treated 


Figure  8.  Substrate  distribution  for  reverse  impact  flexibility 
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3.2  Clear  Film  Formulations 


The  following  section  will  present  the  material  composition 
of  the  formulations  referred  to  in  section  2.2.  The  order  of 
presentation  will  be  that  of  discussion  in  the  test.  Formulations 
will  be  presented  in  tabular  form  with  the  values  referring  to 
mass  in  grams. 

3.2.1  Acrylic  Latex  Formulations 

The  following  table  presents  the  material  composition  of  the 

acrylic  latex  cl  ear-film  formulations  evaluated. 


Materials 

2.2-1  2.2-2 

2.2-3 

2.2-4 

2.2-5 

2.2-6 

2.2-7 

2.2-8 

2.2-9 

2.2-10 

2.2-11 

2.2-12 

Rhoplex  Wl-81 

100.0 

100.0 

100.0 

Rhoplex  WL-91 
Ucar  4431 X 

100.0 

100.0 

100.0 

100.0 

200-0 

200.0 

Ucar  4433X 
XAMA-2 

100.0 

5.4 

4.0 

200.0 

7.0 

200.0 

4.4 

XAMA-7 

5.1 

3.7 

.4.2 

6.4 

Butyl  Cellosolve  8.3 

8.3 

8.3 

8.3 

8.3 

16.6 

16.6 

23.6 

23.6 

Butyl  Carbltol 

4.2  4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

8.4 

8.4 

11.8 

11.8 

Texanol 

8.3 

8.3 

8.3 

3.2.2  Acryl  ic  Solution 

Polymer  Formulations 

Material 

composition  for  the 

cl ear-film  formulations  of 

the  submitted 

acrylic  solution  polymers 

is  as  follows: 

Materials 

2.3-1 

2.3-2 

2.3-3 

2.3-4 

2.3-5 

2.3-6 

2.3-7 

2.3-8 

2.3-9 

2.3-10 

2.3-11 

2.3-12 

2.3-13 

2.3-14 

2.3-15 

2.3-16 

PUoltte  WR-3 

54.6 

54.6 

PHollte  UR-5 

54.6 

54.6 

Carboset  514 

200.0 

130.0 

Carboset  XL- 11 

250.0 

150.0 

Carboset  XL- 19 

200.0 

Carboset  XL-22 

200.0 

Ants  co  Res  200 

176.1 

77.0 

Acrysol  WS-68 

200.0 

200.0 

Acrylold  WR-97 

42.8 

42.8 

XAMA-7 

2.7 

2.7 

6.6 

10.0 

6.8 

6.8 

2.4 

19.2 

3,0 

Trl  ethyl  ami  ne 

3.9 

3.9 

3.9 

3.9 

• 

Anmnium  hydroxide 

2.4 

1.0 

Butyl  Cellosolve 

44.7 

44.7 

18.0 

44.7 

44.7 

7.9 

Butyl  Carbltol 
Deionized  Hater 

196.8 

196.8 

4.8 

141.9 

20.0 

56.1 

196.8 

196.8 

30.0 

60.0 

2. 1 
72.0 

60.0 

86.1 

Dimethyl  ami  noethanol 

1.1 

5.0 

1.1 

Cellosolve 
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3.2.3  Epoxy  Emulsion  Formulations 

Emulsions  of  epoxy  resins  were  formulated  as  follows: 


Materials 

2.4-1 

2.4-2 

2.4-3 

2.4-4 

Part  A 

Dow  XD7080 

Mor  Flo  40 

Acetic  acid,  glacial 

26.60 

24.50 

42.75 

76.87 

0.46 

Deionized  water 

38.40 

40.50 

56.92 

147.00 

Part  B 

DER  324  10.15 

DER  331 

DER  732  1.85 

DRH  151.2 
Mor  Cure  75 

Butyl  Carbitol  3.00 

Dowanol  DPM 


Viscosity  Reduction 

Deionized  Water  20.00  20.00  29.50 


3.2.4  Aqueous  Polyurethane  Dispersion  Formulations 

The  aqueous  polyurethane  dispersions  evaluated  were  formulated  in 
the  following  amounts: 


Materials  2.5-1  2.5-2  2.5-3  2.5-4  2.5-5 

Hypol  WB  4000 
NeoRez  R960 
DER  732 
CX  100 
Z6040 

FC  430  (10%  Aq.) 

Deionized  water 


100.0 


40.0 


100.0 


100.0 


100.0 

14.4 

100.0 


200.0 

6.2 

100.0 


200.0 

6. 
13. 
0. 

100. 


12.00 

3.00 


15.12 

2.76 


8.25 


5.67 


CO  VO  CO  O 


3.2.5  Butadiene  Elastomeric  Latex  Formulations 


Material  compositions  for  the  butadiene  elastomeric  latex 
formulations  are  as  follows: 


Mater ials 

?  fi-1 

2.6-2 

2.6-3 

2.6-4 

2.6-5 

2.6-6 

2.6-7 

Hycar  2600X84 

200.00 

200.00 

Hycar  2600X106 

200.00 

200.00 

Hycar  1577 

300.00 

Goodrite  2570X5 

200.00 

200.00 

XAMA-7 

1.48 

2.07 

1.48 

Dimethyl ami  noethanol 

0.75 

0.94 

0.55 

0.68 

1.14 

0.59 

TexaQpl 

20.00 

30.00 

20.00 

Deionized  Water 

20.00 

S0.00 

20.00 

3.2.6  Aqueous  Polyester/Al kyd  Formulations 

Cl  ear-film  formulations  of  the  aqueous  polyester  and  alkyd  coatings 
evaluated  are  as  follows: 


Materials 

2.7-1 

2.7-2 

2.7-3 

2.7-4 

2.7-5 

2.7-6 

Kelsol  3902 

Kelsol  3903 

Cyplex  1600 

Aquamac  1000 

Aquamac  1075 

Aquamac  1100 

74.4 

74.4 

133.3 

100.00 

100.00 

100.00 

XAMA-7 

6.0 

6.0 

11.6 

7.9 

10.2 

8.5 

Cobalt  Hydrocure 

1.5 

1.5 

1.7 

1.6 

1.6 

Manganese  Hydrocure 

1.5 

1.5 

1.7 

1.6 

1.6 

Ammonium  Hydroxide 

3.3 

3.3  1 

5.2 

4.6 

6.4 

5.4 

Butyl  Cellosolve 

S.B 

5.8 

10.0 

47.2 

37.6 

ftelonlzed  Water 

143.6 

113.6 

200.0 

220.0 

100.0 

220.0 

I 


3.2.7  Poly(vinyl  chloride)  Latex  Formulations 

The  following  table  presents  a  summary  of  the  amounts  used  in 

formulating  PVC  latex  sarnies  for  cl  ear-film  performance. 


Materials 

2.8-1 

2.8-2 

2.8-3 

Geon  652 

300 . 00 

Geon  460X1 

300.00 

Geon  450X20 

300.00 

XAMA-7 

5.06 

Tri ethyl amine 

0.33 

Ammonium  Hydroxide 

1.05 

1.68 

Butyl  Cellosolve 

30.00 

Dowanol  DPM 


15.00 


3.3  Primer  Formulations 


The  following  section  will  present  the  material  composition  of 
the  primer  formulations  discussed  in  section  2. 3. 2.1.  As  before,  the 
formulations  will  be  presented  in  tabular  form  with  the  values  referring 
to  mass  in  grams. 

3.3.1  Aqueous  Polyurethane  Primer  Formulations 

Material  composition  of  primer  formulations  based  on  aqueous 
polyurethane  dispersions  are  as  follows: 


Pigment 

Pigment 

Pigment 

Material 

Base  I 

Base  II 

Base  III 

Grind 

NeoCryl  A601 

79.1 

NeoRez  R960 

596.7 

284.8 

Hypol  WB  4000 

186.6 

Deionized  water 

331.6 

139.8 

197.6 

Strontium  chromate 

278.8 

139.5 

130.6 

Foamaster  NS 

0.3 

0.1 

Surfynol  104  (50%) 

1.8 

Da pro  880 

0.3 

Letdown 

Hypol  WB  4000 

212.5 

Deionized  water 

51.8 

FC  430  (10%  Aq.) 

0.8 

FC  170  (1%  Aq.) 

10.0 

Spray  Formulation 

3. 1.1-1 

3. 1.1-2 

3. 1.1-3 

3.1.1- 

Pigment  Base  I 

150.0 

Pigment  Base  II 

149.7 

Pigment  Base  III 

200.0 

198.4 

FC  430  (10%  Aq.) 

0.2 

0.2 

Z6040 

4.6 

1.0 

CX  100 

2.3 

2.3 

DER  732 

14.5 

13.0 

Deionized  water 

20.0 

100.0 

100.0 

3.3.2  Aqueous  Acrylic  Primer  Formulations 

Aqueous  acrylic  solution  polymers  were  formulated  into  primer  coatings 
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as  follows: 


Pigment 

Pigment 

Material 

Base  IV 

Base  V 

Grind 

Carboset  514H 

496.0 

Amsco  Res  200 

406.0 

Deionized  water 

99.0 

Ammonium  hydroxide 

1.0 

Butyl  cellosolve 

33.0 

Butyl  carbitol 

10.0 

Strontium  chromate 

171.0 

171.0 

Nopco  NXZ 

0.5 

Surfynol  104(50%) 

2.0 

Da pro  880 

2.0 

Spray  Formulation 

3. 1.2-1 

3. 1.2-2 

Pigment  Base  IV 

200.0 

Pigment  Base  V 

724.0 

Deionized  water 

50.0 

279.0 

Ammonium  hydroxide 

3.0 

Butyl  cellosolve 

23.0 

Butyl  carbitol 

4.0 

FC  430  (1%  Aq.) 

1.0 

XAMA-7 

10.0 

37.6 

3.3.3  Aqueous  Alkyd  Primer 

Formulation 

The  primer  formulation  based  on  water-reducible  alkyd  Aquamac 
1100  is  as  follows: 

Material  Pigment  Base  VI 

Grind 


Aquamac  1100  235.1 
Butyl  cellosolve  176.7 
Strontium  chromate  251.1 

Spray  Formulation  3.1 ,3-1 


Pigment  Base  VI  141.0 
Aquamac  1100  50.0 
Ammonium  hydroxide  5.4 
Cobalt  Hydrocure  1.6 
Manganese  Hydrocure  1.6 
Deionized  water  200.0 
XAMA-7  8.5 
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3.4  Topcoat  Formulations 


This  section  presents  the  material  composition  of  the  topcoat 
formulations  discussed  in  section  2. 3. 2. 2.  The  values  indicated  refer 
to  mass  in  grams  of  the  respective  materials. 

3.4.1  Aqueous  Polyurethane  Topcoat  Formulations 


Topcoat  formulations  based  on  aqueous  polyurethane  dispersions 
NeoRez  R960  and  Hypo!  WB  4000  were  prepared  as  follows: 


Material 

Pigment 

Base  VII 

Pigment 

Base  VIII 

Pigment 
Base  IX 

Grind 

NeoCryl  A601 

96.5 

HeoRez  R960 

38.6 

135.1 

Hypol  WB  4000 

206.9 

Deionized  water 

38.6 

85.8 

102.2 

Titanium  dioxide 

96.5 

96.5 

100.0 

Nopcosant  K 

0.3 

0.3 

Foamaster  NS 

0.3 

0.3 

Surfynol  104  (50%) 

2.0 

Dapro  880 

0.3 

Letdown 

NeoRez  R960 

656.1 

656.1 

Hypol  WB  4000 

200.0 

Deionized  water 

320.0 

FC  170  (1%  Aq.) 

10.0 

FC  430  (10%  Aq.) 

1.9 

1.9 

Spray  Formulation 

3. 2. 1-1 

3. 2. 1-2 

3.2.1-S 

3. 2. 1-4 

3.2. 1-! 

Pigment  Base  VII 

Pigment  Base  VIII 

928.8 

976.0 

r 

Pigment  Base  IX 

Z6040 

47.5 

941.4 

941.4 

941.4 

CX  100 

DER  732 

Cy-179 

DRH  151.2 

23.7 

24.0 

58.6 

44.4 

26.2 

Butyl  cellosolve 

29.3 

46.3 

64.5 

Deionized  water 

154.8 

146.4 

156.9 

125.5 
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.2  Aqueous  Acrylic  Topcoat  Formulations 
Aqueous  acrylic  solution  polymers  Carboset  51 4H  and  Amsco  Res 
200  were  formulated  into  white  topcoats  as  follows: 


Material 

Grind 


Letdown 


Sorav  Formulation 

Pigment  Base  X 
Pigment  Base  XI 
XAMA-7 
XAMA-2 

Deionized  water 
Ammonium  hydroxide 


Pigment 
Base  X 


Pigment 
Base  XI 


Carboset  514H 

200.0 

Amsco  Res  200 

106.0 

Deionized  water  - 

121.0 

99.0 

Ammonium  hydroxide/  m 

4.0 

1.0 

Butyl  cellosolvel  • 

Butyl  carbitol  J 

33.0 

10.0 

Titanium  dioxide 

100.0 

100.0 

Nopco  fJXZ 

2.0 

Da pro  880 

2.0 

Surfynol  104  (50%) 

2.0 

Carboset  51 4H 

Amsco  Res  200 

226.8 

300.0 

Deionized  water  1  . 
Ammonium  hydroxidejm 

93.9 

278.6 

6.1 

3.2 

Butyl  cellosolvel  - 
Butyl  carbitol  / 

22.7 

3.9 

FC  430  (1%  Aq.) 

1.0 

3. 2. 2-1 

3. 2. 2-2 

3. 2. 2-3 

3.2.2- 

753.8 

753.8 

962.4 

959.6 

29.3 

31.5 

37.6 

40.4 

214.9 

214.7 

2.0 

3.4.3  Aqueous  Alkyd  Topcoat  Formulation 

The  topcoat  formulation  of  water-reducible  alkyd  Aquamac  1100  is 
as  follows: 


Material 


Grind 


Aquamac  1100 
Butyl  cellosolve 
Ammonium  hydroxide 
Deionized  water 
Titanium  dioxide 
Nopcosperse  44 
Da pro  880 
Surfynol  104  (50%) 

Letdown 


Aquamac  1100 
Butyl  cellosolve 
Cobalt  Hydrocure 
Manganese  Hydrocure 
Ammonium  hydroxide 
Deionized  water 

Spray  Formulation 

Pigment  Base  XII 
Deionized  water 
XAMA-7 


l 
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